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PREFACE 


To perpetuate the memory of his friend late Lt.-Col. K. R. Kirtikar, IMLS. (retired, 
of Bombay, who devoted a good deal of time to the study of Bombay fungi, 
Major B. D. Basu, LMS. (retired) of Allahabad in 1920 presented to the University of 
Calcutta books on Cryptogamie Botany, coloured drawings and photographe of fungi 
belonging to the late Lt-Col. K.R. Kirtikar One of the conditions was that 
*" the Calcutta University would publish work on Cryptogamic Botany of India, in which. 
researches and coloured drawings of higher fungi of late Lt-Col Kirtikar would 
be published." Lt.-Col, Kirtikar'« original collections of higher fungi of Bombay were, 
however, lost ; they could not be traced. Specimens of higher fungi (mostly Agaricaceae) 
were therefore collected anew from Bombay and neighbouring places (Thana District expecially 
=the native district of the late Lt.-Col, Kirtikar). They were sent to specialists of Europe, 
America and Australia with detailed descriptions, coloured sketches and microscopical 
details. Most of them could not be identified as they did not agree with the foreign speci- 
mens in the various famous mycological herbaria; so, the idea of publication of a work on 
higher fungi of Bombay had to be abandoned. Subsequently, Major B. D. Basu presented 
to the University one hundred unbound sets of the famous book— Indian. Medicinal Plants, 
Vols. I and I with plates by Lt.-Col. K, R. Kirtikar and Major B. D. Basu (1918), the sale- 
proceeds of which were to be applied to encouragement of researches on fungi. Major B. D. 
Basu, unfortunately, died in.the year 1930. The amount realised from the sale-proceeds of 
Indian Medicinial Plants formed the Kirtikar Memorial Fund of the University. The four 
published works on Bengal Fungi in this volume No. ( 1) were carried out with the help of four 
research assistants—Mr. Sudhirkumar Sen, M.8c., Mr. S. N., Sarkar, M.Sc., Mr. N. €. Goswami, 
M.A. and Mr. P. N. Nandi, M.Sc.—maintained from the grant out of this Kirtikar Memorial 
Fund. A monograph of Bengal Polyporaceae, in the course of preparation with the help of 


research grant from the same Fund, will form the second. volume of the Kirtikar Memorial 


Series. Bothlate Lt-Col. K. R. Kirtikar and Major B. D. Basu were keenly interested in 

Indian Botany and I had the pleasure of knowing intimately the late Major B. D. Basu some 
years before his death. Herein I record my deep sense of gratitude to the late Major B. D. 
Basu, late. Lt-Col. K. R. Kirtikar and the Caleutta University for valuable help and 
encouragement. in the field of my studies. 


5S. R. B, 
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Reprinted from * Proceedings of the Royal Society of London ' Series B, 
No. 831, wol. 123, July, 1937, with change of o 
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SEXUALITY OF 
POLYPORUS OSTREIFORMIS ngar. axo POLYSTICTUS HIRSUTUS rm. 


BY 
S. R. BOSE 
Professor of Botany, Carmichael Medical College, Calcutta, India 


IxTRODUCTION 


The problem of sex in fungi is à fascinating study. BLAKESLEE (5), BessAUDE (4), Kyr 
(26) and Botner (10) are among the pioneer investigators in this branch of study, They 
have been recently followed by a number of workers in various groups of fungi. Hitherto, the 
only experimental work on sex! in the Polyporaceae has been that 1" of Irese Morse (31) 
who found that Fomes pinicola (Sw.) Cooke is heterothallic and bi-sexual, 2° of Hakow Roma 
(34) who found tetrapolar sex in Polyporus borealis (Wahlenb.) Fries, and 3° of R. VANDENDEIES 
(44) who found tetrapolarity in Trametes suaveolens L. and bipolarity in Leptoporus imberbis 
(Bull) Quel. Cavrev (12) has distinguished different forms of heterothallism in fungi as 
true sex-heterothallism, heterothallism based on self-sterility factors, heterothalliem based 
on inter-racial sterility factors and self-fertility factors, It is with the object of finding out 
which of these forms of sexual reaction prevails in the two Polypores—Polyporua ostreiformia 
and Polystictus hirsutus—that the study of a large number of monosporous cultures as well 
as of the result of crosses of monosporous Cultures of the two species is here undertaken. Inci- 
dentally, the influence of variations of temperature and of light and darkness, and of the media 
by additions of minute doses of acids and poisons on growth and copulation haa been studied 
together with the nature of growth in different kinds of media and change of pH values after 


growth. 
1. Srecres [yvesticatep 


Both these species are found very commonly in Bengal as saprophytes growing on logs 
and tree trunks during and after the rains, The writer has published systematic descriptions 
of them in earlier papers (6). Polyporus ostreiformis ix also found in Ceylon, the Philippine 
Islands and the Malay Peninsula, Snanrces (40) has recently noted the association of Poly- 
porus ostreiformia with diseases of Areca—and Coconut-palms in Malaya. In August and 
November, 1032, the writer collected some fructifications of Polyporus ostreiformis from the 

i ‘The terme sex and sex-heterothalism are retained in the seiten in whieh they have been used by the majori 


of ‘the authore ebted, though probably Gwyxwe-Vatetan ie right im peintig out that the term "sexual ` 
should not be applied to organisms which, like the Polypore, show nó sign st all of sexual apparatie 
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^ 
upper part of the trunk of an Areca-palm in Caleutta, Apparently, the fungus was causing 
damage to the tree, Polystictus hirsutus is almost cosmopolitan in its distribution. Tta life- 


history in artificial culture has been studied by Loxe & Hansem (25). 
Among the Poly pores the life-history of these two species is comparatively short, it requires 


only two to three weeks to complete their life-evele from spore to spore (Bosg, 7). 


, 
Il. Sroukg.DiscunagGok vpkg Vanvrixo EXTERNAL CONDITIONS 


The effect of various temperatures (0*C, 20 to 32*C, 24* to 36*C,. 37°C), and of alterna- 
tions of light and darkness on spore-fall of Polyporus ostreiformis was studied, It was found 
that spores were shed continuously for about three. weeks from one piece of the sporophore . 
without any variation under all the conditions except at OC, In this connexion the writer's — 
observations support BULLER (10) in his assertion that “ the basidia discharge their «pores 
quite independently of light-conditions.” 


Hl. Mareniats AND METHODS 
A. Methods of Isolation of Monosporous Myeelia and of Pairing of Monosporows Mycelia 


Fructifications of Polyporus ostreiformis were collected from a dead Coconut-palm stump 
within the Carmichael Medical College compound in May and June, 1931, and fruit-bodies 
of Polystictus hirsutus were collected from a log in ite vicinity in July, 1931. A «mall piece 
of the fresh fruit-body was attached to the lid of a sterilised agar-petri dish within the cover 
of a moist bell-jar in such a way that the porous surface always pointed downwards ; thus, 
the spores dropped on the agar medium on the floor of the dish from the same piece conti- 
nuously for about three weeks, Spores were then transferred daily by means of a spathulate- 
Wp sedie io the uppor mariane of thin agar (22%, bată ager) eee ee 
EzxxixL (13). Four or five parallel streaks were lightly drawn across the solid agar- 
and spores became isolated along the later streaks. With the streak-method spores 
cet Peto E a r a a s — — 
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B. Media employed 


Six kinds of solid media were employed, eis. malt-oxtractagar (malt-extract 3%, agar 
2°, water 100 e.c), Brown's medium, Dox's medium, rice-agar and potato-decoction-agar 
according to Harshberger, and wood-decoction-agar,  Wood-agar was prepared by taking 
56 gr. of finely powdered dust of old mango-wood in one litre of water and boiling at 100°C. 
for one hour; then after filtration 2%, agar wae added, the medium was cleared with the white 
of an egg and was then poured out into tubes which were ultimately aterilised in an autoclave 
for fifteen minutes at three atmospheres pressure. 

Three kinds of liquid media were used, viz. 1%, peptone, Tubeuf s liquid synthetic medium 
and. beef-broth medium. 


C. Reactions of the Media (before inoculation) 
pH values were determined colorimetrically with Wulff Folien-Kolorimeer. 


pH value of Brown's medium was 6.1 
s » Dox's E NL 

, Rice-agar 2 4, 43 

4 » Potate-deroctionagar z 4, 68 

& » Wood-agar = , on 


The pH values of the malt-agar media prepared on different days were 6.1, 6.2, 6&4 and 
t.t, 

Monosporous cultures of Polyporus ostreiformis were paired in malt-agar media, pH values 
of which were 6.2 in some cases, and 6.4 in others, while those of Polysticfus hirsutux were paired 
in the same media having a pH value of 6.9. 

Of the three liquid media 1%, peptone had a pH value of 7, Tubeuf^s liquid synthetic 
medium had a pH value as low as 3.4, and beef-broth medium was faintly alkaline with pH 


1.2. 


D. Conditions of Growth in respect of Light, Temperature and Humutity 


The majority of monosporous cultures and pairings of monosporous mycelia, in all about. 
fifteen hundred, were kept in a slanting position within glass-cases exposed to diffused chamber- 
light and room-temperature, During this period the temperature of the room varied from 
00° te 70° F., and the humidity from 58 to 28. It was found that in this condition the aerial 
mycelium was of the condensed type, and its colour gradually accentuated, becoming yellow- 
ish in the case of Polystictus hirsutus, as already noted by Lowe & Hanan (28) and Fnrrz (14), 


IV. Resvvrs or PAININO or Moxosronovs MyYCELIA 


All possible pairings of fifteen monosporous cultures (Nos. 1-15) of Polyporus ostresformis 
are shown in Table 1, and of Polystictus Aireutus, in Table IL The sign + indicates the 
presence and the sign —the absence of clamp-connexion in smear-examinations of monospornous 
pairings, Smear-examinations were carried out by taking a loop out of the culture-tube. 
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mounting it in lacto-phenol and examining it under the immersion lens with a little pressure 
on the cover ship. 


TABLE I TABLE II 
Polyporus ostreiformis Polystictus hirsutus 
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Therefore, both these species are heterothallie and bisexual. } 


The total number of pairings in both species was 120, out of which in Polyporus ostreiformie bh 
fifty were with clamps and seventy without clamps. The number of pairings of the same number ^" 
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V. Mowosponous Correnes 
l. Monosporous Cultures exposed to Variations of Temperature and of Light and Darkness 


(a) A number of monosporous. eultures of both species in the malt-agar medium was 
kept for about four months in an incubator at 47°C, in total darkness. Vegetative growth 
was almost normal, bat none of the cultures formed fruit-bodies except in one case of Poly- 
aticttia Nirsntus. | 

(4) Subcultures in the same medium were kept at room-temperature (32°C) in total dark- 
ness. Normal vegetative growth was noticed, but none of the cultures fractified except in 
one case Of Polystichus hirenutus. 

(e) Another set of subcultures in the same medium wae kept in an incubator at 247-30 € 
in the dark. The vegetative mycelial growth was most pronounced, being more vigorous 
than all others but not à single fruit-body was noticed, 

(d) Monosporous subcultures (of both species) were also kept in à refrigerator at (°C in 
darkness. The growth became checked at onee and not a single fructification was formed, 


(e) A large number of monosporous cultures of both species ir malt-agar medium was 
kept in diffused chamber-[ight. (normally 8 a.m. to 6 p.m.). The vegetative mycelial growth 
was normal, and a number of monosporous cultures ultimately formed haploid frait-hodies, 
giving rise to spores of only one sex. Of one hundred monosporous cultures of Polgatictus 
hirautus in malt-agar medium, sixty fructified in the course of one to two months. In the ease 
of Polyporus ostreiformis, out of sixty-six monosporous eultures fourteen formed. fruit-bodies 
in the course of two to two and a half months 

Thus, in darkness and diffuse light there was no noticeable difference in the amount of 
growth, except in the case of (e), ic, cultures in incubator at 24°-20°C, where the mycelial 
growth was very vigorous and of a loose and fluffy nature, and in the case of (d), ie., cultures 
at 0*C, in whieh all growth stopped, though the fungus was not killed, The ineubatar- 
temperature of 37°C was not so favourable. There was not a single instance of saltation or 
mutation from the haploid to the diploid state. 


2 Monosporeus Cultures in Various Media 


Monosporous cultures of both species were grown in the above-mentioned six kinds of 
solid media and in Tubeuf's liquid synthetic medium. Growth was very poor in wood-decoc- 
tion-agar medium, poorest in the liquid aynthetie medium probably on account of the high 
acidity of the medium as noticed by Movxott (31), and the best in the malt-agar medium. 
Not a single case of mutation to the diploid condition was observed. 


VIL Vanieroxs or ten CUDTDNIE Mena ny Anprrtos or Porsoss axp Mis 


The six kinds of solid media employed and Tubeuf^s liquid synthetic medium were sterilised 
after addition of mercuric chloride (HgCl;) 1/10000,000, potassium bichromate (K.Cr (.) 
1/500,000, copper sulphate (CuSO,) 1/2000,000, copper acetate Cu(C,H,O,), 1/4000. and 

wan 
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of 1 per cent solution of citric, oxalic, formic, hydrochlaric and malic acids in the proportion 
of 1 drop in 5 c.c. of the medium. Changes in pH values are noted in Table II. 


TABLE IH 





pH values after addition of : 











& 1— 

i R3 

> i = z 

ma IE N 2 EE z 

2|s|3]|s5 2 1 

= = = - t; 

fPIE|ISIE 3 3 

| O | a Je Ws © | 
Rice-agar medium | 63 | 6&1 | öl 03 7 
Potato-agar i $8 | 54 | 54 5.6 
Dox's agar c 7 69 | 69 6.9 
Us * ager * 61] 59 | 6 58 
r D Y 

2 opa : $ as (6 | A | 94 
"Tübeuf^s liquid synthetic. } 3. A | 2. 1 . | 3 | 33 


All these media were inoculated singly with monosporous mycelium as well as with two 
monos porous mycelia (of similar and dissimilar sexual reactions) from two xides, of both species, 
It was very remarkable that, when they were examined after they had grown well and suffi- — 1 
ciently long, there was not a single instance of any change in the original sexual reaction or 
that of any saltation or mutation of the monosporons mycelium. 


VIL Narone or Growra rx Dirrenexr Kixps oy MEDIA, AXD ÜnANGE or PH Vators ges 
AFTER GROWTH * 


The following order of growth in both monosporous and. bisporoux cultures | | . i» 
ostreiformis and Polystictus hireutue was — | — C 


(0) In solid media - 
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The sume order of growth in all cultures of both species was maintained even after the 
addition of five kinds of acids and four kinds of poisons to the above media. 


Change of PH values after growth (after three to four months from the date of inoculation 
of. the media). 


I* Ish the following solid media : 


With monosporous cultares of With monosporous cultures of 
Polyporus ostreiformia Polystictus hirautws 
Malt-ajrar from pH 6.1 to pH 3 From pH 62 to pH 341 
Hice-ngAr " T id "o j 4 r D "3 oe >b $4 
lotato-agar » UG, , 332 " » 5&5 "oon 3 
Dox's medium T " 7 " T 3 . Í 7 "mon 432 
Brown's T T i t 44 n n "on" 4 
Wood agar T * ao " i 5.1 , an e" bi 5 


2 With monosporous cultures of Polyporus ostreiformis and Polystictus hirsutis in the 
following liquid media : 
(a) Tuheuf s liquid synthetio medium, 
Polysporus ostreiformis from pH 3.4 to pH 34 
Polystictus hirsntus - 52455. 4,34 
Practically, there was no growth (most feeble growth) in this highly acid medium as the 
acid-limit was reached. In beef-broth medium (pH 7.2) none of the cultures grew at all. 
(by 1° peptone 
Polyporus oatreiformia from pH 7 to pH 6.7 


Polystictus hirsutus E Uv e ensi, 
&° In the following pairings of Polyporus ostreiforms in malt-agar medium : 
| x 6 Homogeneous (*)from pH #4 to pH 32 
2 e 10 Aversion (+) we I 4 "ont 4 
| x 28paoe of Aversion (eh oS wd T aa aoe 
| x 1 Homogeneous (一 } « O an dil 
1 x 15 " (—) m et "2 "on 4 
| x 4d Aversion (—) . GA uu 3A 
12 X 14 Space of Aversion (—) » 444 ww 31 
4° In the following pairings of Polystichis Airmetes in mialt-agur medium : 
| x 9 Homogeneous (+) from pH 6.9 to pH 3 
i» 2 Aversion (9).  »*09. 4.4 
6 x M Space of Aversion «d ve 258. 494 
| x 1 Homogeneous GE us ME Ww 433 
I x 4 Dr (—) T" et nn "on 4 
Í x 5 Aversion (一 ) e ee 6 "oM 1 


VIIL Coronar Cuaxracrkgs AND Fromme ON Harroi AND Dirtom  MxckLIA 


Spore-germinations of Polyporus ostreiformis and Polysticina Airsutus were studied in 
hanging drop-culture by using sterilised 4°, glucowe solution. After the individual spores 
had put forth elongating tubes, they were stained with a very dilute solution of the vital 
stain— Neutral red in Ringer's solution. A large number of small vacuolar bodies deep red 


[se 
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iu colour became very prominent, and the nucleus remained unstained; in the young hyphay 

transverse purtition-walls were very clear and the presence of one nucleus in each. cell dis- 1 
tinctly visible. Following the methods of GeinmnMosp (18) and of Skerikskr (41), mono- l 
sporous mycelia, after they had grown well in the malt-agar media, were transferred to the 
sterilised 19, peptone medium (pH 7) in an Erlenmeyer Mask, to which had been added a 
very dilute solution. (10 mar. ) of the Neutralred. In this medium the hyphae grew well 
mostly submerged, and to the naked eve they appeared faintly coloured ; under the micro- 
soope they showed quite distinctly the deep red vacuolar bodies with one unstained nucleus 
in each cell between two transverse partition:walls 


Characters of the M onnsporows mycelium of Polyporus ostreiformis and Polystictus hirsutun 


Hyphie (aerial) were septate. irregulir—om portion being much broader than the other 
end much branched, lateral branches coming out almost at right angles in many cases (BULLER, , 
11), A number of hyphal coils and bulbil-formations (Lyman. 20) were noticed. No clamp 
COMBE LIONS were noticed, nor any odia 

A number of intercalary and terminal thick-walled secondary spores (ehlamydospores 
were present. The aerial hyphae excreted à. lange number of various kinds of erystals and 
relatively few drops of liquid. The mycelia! mat was white almost throughout the culture, 
In old cultures the mat became vellowish at places; especially close to the fruiting areas in 
the case of Polystictus hirewtuw In macroscopic. chameters the haploid mycelium was. 
indistinguishable from the diploid mycelium. 


Cherncters of the Paired Mycelium of both species 


The diploid mycelium resulting from the hyphal fusion of opposite sexual reactions was 
profusely branched, The branches came out at acute angles from the radial hyphae, and. 
clamp-eonnexions were found at each of the septa, whereas the branches of the paired mycelium P 
of similar sexual reactions ran almost straight, forming right angles with the leading hyphae A 
The latter were in tbe haploid condition, being devoid of clamp-connexions, their growth was p M 
less vigorous than that of the diploid mycelium with clamps and the contenta of their hyphae a 
were much poorer. Chlamydospores, terminal and intercalary, were present in pairings of. Tien 
both similar and opposite sexes, though they were more abundant in the pairings of sim 
sexes. — Bulbil-formations in the sense of Lymaw (20) were found in both haploid and diploid 
mycelia, but nowhere were oidin noticed. Here also crystals were found. — — 
ters the mycelia of one sex were indistinguixhable from those of the other both micros Mix 2 


m 

















Frwiting of Haploid and Diploid Myeelia 
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at — ti and ——— sixty fructified in the course of one to — nonths, - 
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(sce Table 11) only six (Ex 7, 2x I5, 3x 7, 0x15, 10x15 and 13% 15) gave rise to haploid 
fruit-bodies in the course of one to three months. 

In Polyporus ostreiformis, out of fifty hyphal pairings with clamps (sec Table I) forty-five 
fructified within a month, forming diploid fruit-bodies, and out of seventy hyphal pairings 
without clamps (see Table 1) only two (5x 11 and 5x13) gave rise to haploid fruit-bodies in 
the course of about four months Tn this connexion it should be noted, however, that “ some 
mycelia are more inclined to form pilei than others " as remarked by Oonr (32, p. 1358). 

A majority of the diploid mycelia in the malt-agar medium, to which had been added 
various kinds of acids and poisons, fructified in the course of two and a half months, giving 
rise to diploid fruit-bodies, 

Haploid fruit-bodies in these cases were different from the diploid ones in having much 
fewer spores ; in a good many cases there was no spore-fall, though the fruit-body was kept 
under a favourably moist condition and a microscopical examination showed the “presence 
of the basidia bearing sterigmata and spores. Even in those cases where spores dropped from 
the haploid fruit-body, the spore-fall period was extremely short, only of a few hours’ duration. 
With the naked eve, however, these two kinda of fruit-bodies could not be distinguished in 
all cases 


IX. Tugentks or Sex rx Fesut 


When heterothallism in Hymenomyecetes was first discovered, the formation of a fruit- 
body became the determining factor, it being assumed that a monosporotus mycelium or a 
mycelium resulting from the hyphal pairing of two similar sexes (and hence in the haploid 
condition) never fruited and that fruit could be obtained only by the hyphal pairing of two 
dissimilar sexes. Later it was learnt that a haploid mycelium could also bear fruit but never 
showed any clamp-connexton and that the spores formed by such a fruit-body were of one 
wx only. Hence, such fruit-bodies were known as haploid as distinct from the regular diploid 
fruit-bodies which were formed by the diploid mycelium from the hyphal fusion (with clamps} 
of two dissimilar sexes, The importance was thus shifted to the presence of clamp-connexions 
in hyphal fusions, so much so that an analysis of the sex factors of spores of fruit-hodies formed. 
and in some cases even the formation of fruit-bodies, was lost sight of; one was satisfied 
with detecting mere clamp-connexions in hyphal fusions. In this connexion Oonr (32, p 
1350) has rightly remarked that “ as a criterium for diploid mycelia, the occurrence of clamp 
connexions can only be of a restricted use. Used in connexion with the characteristic diploid 
habit and the diploid fruit-bodies tt remains, of course, a valuable criterion.” 

In the mean time several theories (Bose, Ta)—the theory of multiple sexes, of sexual 
mutation. of saltation under cultural conditions, of nutritive heterothalliam, of relative 
sexuality, etc.—have emerged one after another, but not one of them suffices to explain fully 
all the facts in various groups of fungi. 

Concerning sexual mutation Oort (42) believes that many cases which were described 
as mutations will appear to be nothing but Durchbrechungakopulationen in the sense of BRUNE- 
wik (9) or Wirrfadenkopulationen in the sense of Baven (3), and that real mutations were 
probably much rarer than has been hitherto assumed, whereas illegitimate copulations would 
seem to occur frequently, Regarding the so-called temporary variations Barses (2) has 
recently shown that by using sterile solid media, fungi can be grown in pure culture for years, 

N—1 400 Eh 
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and that when thus cultivated. they remain as constant in form and structure of their repro- 
ductive bodies as more highly organised plants. According to him it has thus been possible 
to recognise the fact that variable forms — which in some cases remain distinet in culture, 
in others reverting with time to the sormal— may be produced from the stable normal types 
by special treatment. 

The theory of multiple sexes strained the credulity of many, hence the theory of nutritive 
heterothalliam tentatively put forward by Gwyxxk-VAUCGHAN. & WILLIAMSON. in the case 
of Humaria granulate (19) appealed to some workers. But GREGON s recent work (17) on 
heterothallism in Ceratostomella phsrsannulata. does not lend very encouraging support to 
the theory of nutritive heterothallism. a 

According to HkrMANSN^S (23) theory of relative sexuality, every sexual cell ix potentially 
bisexual, and normally the dominant sex is determined by some internal factor, but if this 
realising factor is weak, then an external factor—suüch as the proximity of another 
gamete of stronger sexual tendency —may actually determine the behaviour; so that in this 
case we have a typical example of relative sexuality. This is almost similar to Baixswik's 
(9) hypothesis of heterothalliam based on one or more self-sterilitv factors. 

NATINA & Braxsstkk (37) in their studies on biochemical differences between 十 and 一 
sexes in Mucor have shown that there i» absolutely no qualitative chemical difference between 
the two sexes, the difference being merely quantitative, The recent work of Morrisen (40) 
on * Development of Sex-organs of Fern-prothallia ' alio lends Mrong support to the theory 
that sex is purely quantitative and not qualitative. 

Ames (1) has pot forward the iden of potential bisexuality 一 hermaphroditic self-sterile 
«trains. This theory is very suggestive, although it resembles in some respects HanrMANSN S 
theory of relative sexuality and Browswix's hypothesis of heterothallicm based on 
one or more self-sterility factors. According to Ames the strains from uninuchate 
ascospores of Pleurage anserina are not heterothallic strains, male and female respectively, 
but are hermaphroditic self-sterile strains, requiring cross-fertilization hy compatible opposites 
for the production of mature früit-bodies (perithecia), In a paper (20) published in July, 
1032, GwvNNE-VACOHAN has held that the thallüs of Ascobolus magnificus is heterothallie 


but monoecious, all thalli being capable of bearing both male and female organs which are 
never self-fertile but cros-fertile 一 view somewhat akin to AMEN's iden of * hermaphroditie 


self-sterile " condition. | 
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that copulations, a8 shown by clamp-formation, frequently took place between any two mono- 
HOP cultures, This she regarded ar “sexual modification." Similarly, "no change waa 
observed. by the writer with the use of small doses of citric, oxalie, formic, hydrochloric and 
malio acids (1 drop of 1", solution in 5 ¢.c, of the culture-medium) added to the various eulture 
media, bringing down their pH values as shown in Table I This result is quite contrary 
to the experience of Gares (15) who found under such. conditions repulsion in every cane, 
that is, with + and +, or — and 一 or + and — in the case of. Mucor, The addition of 
these acids and poisons by the writer produced no chatge in the onder of growth of cultures 
in various kinds of media, Nor had the various kinds of nutritive media employed any in- 
fluence on the original sexual reactions of the mycelia, though Garks s (14) experience in 
the case of the zygospore-formation in Mwoor in exactly opposite, 

人 NEOOB (17) in her preliminary experiments based on the hypothesis of nutritive hetero- 
thalliem of Gwyxxk-Vavonas — that substances might be found whose addition to the 
medium stimulate the formation of spore-bearing perithecia in monosporous cultures — added 
wlvoerine, glucose, raffinose, pepsin, caleium. phosphate, magnesium sulphate, and irradiated 
ergosterol in the form of " Ostelin " to + atid — mycelia growing on 5%, malt-agar as a basis. 
[n each case she obtained only negative resulte Pouring watery extracts of + and — mycelia 
as well na killed cultures of + and — mycelia over the surface of cultures of the opposite strain 
and allowing them to remain for several days, she again obtained negative results. 

None of the monosporous cultures, exposed to variations of temperature and of light and 
darkness and growing in various media. mutated from the haploid to the diploid condition. 
though they were kept under observation for over two year. Hansa (22) ha» observed 
similar sexual stability in monosporous mycelia of Coprinus lagopus. 

From a survey of these results one feels tempted to suggest the possibility that with hard 
fungi such as Polypores — which might be regarded ax the highest forms among the fungi 
in terme of rigidity and solidanty — the two sexes are of à stable character and not easily 
interchangeable as is the case with the various groups of lower fungi examined by different 
workers from time to time. Movwok's (31) experience with Fomes pinicola also points in 
the same direction. In this connexion one may be permitted to point out an analogous case 
in the animal kingdom, where the sexes of the higher animals are not easily interchangeable 
whilst lower animals of the order of insects can be easily converted from one sex to the other 
through the nutritional state, a» has been pointed out by Hotoaway (25) 

Regarding the formation of a line of demarcation or aversion in paired cultures, Mounce 
(31, pp. 31-39) has discussed its cause at some length. reviewing the opinions of prominent 
workers like BROWN (8), Scmwrrz. (38), Caytxy (12), Ponten (33) and Surra (42). The net 
result according to her is that no definite conclusion could be reached aa to the exact vondi- 
tions which lead to the formation of a line of demarcation between two monosponous or poly- 
sporous mycelia of Fomes pinicola, and that probably in paired cultures the effeet of one 
mycelium upon another at the line of meeting oues an upset in metabolism, and the density 
of the line of demarcation may be an indication of the amount of disturbance. CAYLEY (12) 
believes that the explanation of the mycelia showing aversion towards each other may be 
that one myoelium produces or exeretes à chemical substance (possibly volatile) and the other 
mycelium a complementary substance, the meeting of which sets up rome reaction which 
resulta. in the death or much retarded growth of the hyphae along the line uf contact T 
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two pieces of the same monospore-myeelium are used as inocula in the same petri dish 
tho colonies resulting from these inocula invariably intermingle quite freely, although the 
same individual may be capable of showing aversion to other mono-mycelia from different 
sources, and even, in some instances, to mycelia derived from the same perithecia, This 
shows that aversion is not due to staling of the medium, used in the strict sense, although J 
staling may be set up by the interaction of the chemical substances excreted by the mycelia , 
concerned. In the concluding part of ber paper. Caytkv holds that, in the case of the Axco- à 
mvycetes Diaporthe perniciosa, sufficient evidence has been obtained to show thai the 
eapacity for showing aversion is a heritable character and segregates on Mendelian lines 

The writers work on Polyporus oxtreiformis and Polystictus hirsutus shows that there ts 
no correlation between sex and aversion, For instance, in the case of Polyporus ostreiformia., 
out of fifty pairings of opposite sexes with clamps, seven have white lines of aversion, fifteen 
show space of aversion [inhibition at a distance, in the sense of Ponten (33)] and the rest 
are homogeneous or mutually intermingling; whereas out of fifty-five pairings of similar 
sexes without clamps. forty-five have white lines of aversion, six show space of aversion and 
the rest are homogeneous (ef. Plate), Thus, we get aversion and homogeneous condition in both - 
cases whether with or without clamps, (c, between the mycelia in the diplophase or two 
haploid mycelia. Mooxer has obtained almost identical results with Fomes pinicola, 

Yawaxo (45) thinks that the phenomenon of aversion may be realized by the change of 
pH value in the medium without any special relation to the difference of species, às SCHMIDT 
(39), in the study of mycelial growth of Phycomyeetes, also concluded, This is not borne 
out, however, by the writer's work on these two species of Polypores where cases of aversion 
and complete fusion occur with practically no difference in pH values (pH 3 to 3.2) (vide Art. 
VIL 3* and 4^, p. 7). 

Boies (11) in illustration of ^ Social organisation " in all Hymenomyoetes has referred í 
to free hyphal fusions independent of sex, meaning thereby that any two like or unlike mycelin =. 
ean readily unite with each other to form a compound mycelium, 2 

With both species the diploid mycelia fruited freely on the malt-agar medium in the diffused ， 
light of the room, giving rise to regular basidia and abundance of spores which. | were shed 
continuously for a number of days. A good many of the monosporous mycelia grown under 
the same conditions fruited. In these fruit-bodies the writer found spores and basidia, though, - | 
as he has already remarked, the spores waho much Seve: 
even in those few instances where spores did fall, the period of spore-discharge was extremely | 
short, In thi» connexion MoUNCKs experience with the fruiting of monosporous mycelia T 
of Fomes pinicola was somewhat different : in n majority of cases no fruit-bodies were formed, | 
and even in the three or four instances where monosporous mycelia had fruited, | | 
nor spores could be found within the pored areas, 

Unfortunately, the writer has had no experience of pairings of geographical races of these — 
sn en ety ail e ae ME 
dead stump and dead wood in one locality (Calcutta), — — oom ee rn 
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analysis of the sex factors of this newly diploidised mycelium was undertaken, it was found 
that the fruit-body. formed was a perfect. diploid, spores of which fell into four groups. ‘The 
analysts, therefore, does not support the view that the diplodisation of the mycelium (Ab) 
was due to the " Durchbrechungskopulationen " recorded as sometimes occurring in. haploid 
combinations, such. as (Ab) x (AB) in Coprinus picaceus by BiuNswIK (0), ot to the "' illegiti- 
mate copulation " very recently noted in Coprinus fimetarius (Coprinua lagopus) by Oort 
(32), the diploidised mycelium having the constitution (Ab)--(aB) and not (Ab)--(AB) of 
(Ab)+(ab). The question remains how a nucleus (aB) came into existence. The solution 
of the problem, as has been remarked by Buruen, must await farther analysis of the clamp- 
bearing mycelia produced in a number of illegitimate combinations, 

Then, again, Sass (35) haw shown that, within one single species, Coprinus ephemerews, 
there are two strains — one heterothallic and the other homothallie, The four-«pored form 
is heterothallic and bisexual while the two-spored form is normally homothallie, Very recently 
(36), he found that the regular clamp-bearing diploid mycelium of a Coprinus ap. in culture 
gave rise to sterile fruit-bodies, probably on account of the apparent failure of meiosis in the 
basidia. From the remarkable viability of the culture he held that the sterility was not 
caused by nutritional deficiencies as suggested by Brounen. 

All these facts show how very complicated the phenomenon of sex is. In the writer's 
opinion it is essential to determine in each case whether the clamp-connexions are temporary 
{evidence of illegitimate copulation) and to ascertain finally whether or not they are followed 
by the formation of diploid fruit-bodies. This procedure, if adopted, would eliminate much 
of the confusion and discrepancy apparent in the reports of different workers [WE Hanwwa 
(21), VaNDENDRIES (43), ete.], in some of which the interfertility between geographical races 
was apparently inferred from clamp-connexion-eriterion alone, there being no evidence that 
fruit-bodies were analysed for the determination of the sex factors of their spores. In the 
oresent state of knowledge, it would be wise to defer any generalisation until a larger number 
of Basidiomycetes have been examined from this point of view, and thereby sufficient data 
collected for the building up of a more stable theory for the future, A somewhat similar 
view was put forward by Keren (27) in 1925. 


SUMMARY AND CONCLUSION 

|. For the study of the sexual reactions of Polyporus ostreiformis and Polystictus hirsutus 
a number of monosporous mycelia of both species was isolated, 

® Different kinds of nutritive media, both solid and liquid, were employed and their 
pH values determined. 

3. From the two tables of pairings of the monosporous mycelia it is clear that both are 
strictly. heterothallie and bisexual species. 

4. Minute dowes of poisons, such a» mercuric chloride, potassium bichromate, copper 
sulphate, copper acetate, and of acids—citric, oxalic, formic, hydrochloric and malic—were 
added to the culture media, which were inoculated with monosporous aa well as bisporots 
mycelia of both species, There was not a single instance of any change in the original sexual 
reaction or of any saltation or mutation of the monosporous mycelium. 

5. ‘The monosporous cultures, exposed to variations of temperature and oflight and 
darkness, and growing in different kinds of nutritive media, did not mutate from the haploid 

+ hai 
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to the diploid state. From this it is concluded that in these two cases we have two absolutely 
stable sexes unalterable by any changes of circumstance or condition. 

6. The best growth was obtained in the malt-extract-agar medium, and tbe least growth 
in wood-decoetion-agar. Solid media were always preferable to liquid ones. 

7. Haploid myeelia were distinguishable from the diploid ones by having no chimp- 
connexions, by bearing branches almost at right anzles with the main hyphae and by having 
poorer cell-contents in their hyphae. Branches of the diploid mycelium came out at acute 
angles from the radial hyphae. 

s. After growth, pH values of the media came down to 3 or 3:2 in most cases. From 
this it is inferred that the acid-limit is pH 3. 

9. With both species, the diploid mycelia fruited freely on the malt-agar medium in the 
diffused light of the room, giving rise to regular basidia and abundance of spores which were 
shed continuously for a number of days, Haploid fruit-hodies were different from the diploid 
ones in having much fewer spores; in a number of cases there was no spore-fall though the 
fruit-body was kept under favourably moist condition and the microseopical examination 
showed the basidia bearing sterigmata and spores; even in those cases where spores dropped 
from the haploid fruit-hody, the «pore-fall period was extremely short—only of à few hours’ 
duration. 

I0. No detinite enuse of the formation of a white line of aversion or *paoe of aversion 
between pairings of two monosporous mycelia could be ascertained. There appears to be 
no correlation between sex and aversion in these two species, since aversion occurs between 
haploid inyeelia m» well as between diploid ones. Movuncr’s experience with Formes pinicola 
on this point is also identical. 

Il. After a survey of the current theories on heterothallism in fungi, it peoma that none 
of the existing theories can cover all the facts for the various groups of fungi. The problem 
of sex i» a very complex one. A larger number of species has to be investigated before we 
ean arrive at a satisfactory generalisation, 

] gratefully acknowledge the help I have received in this work from Mr. Stpmmn CHANDRA 
Sex, M.Se., and my indebtedness to the late Mason B. D. Base, LALS., Allahabad, India, 
at whose instance the services of Mn. SEN as a research nont wore for twelve months placed, 
at my disposal out of the Kirtikar Memorial Fund by the Caleutta University, — 
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1 —IxTRODUCTION 


Very few Polypores have been studied with regard to their enzymes, though enzymes are 5, 
the chief weapons with which these fungi invade the plant cells and bring about a very great ] 
amount of damage to logs, timbers, and trees. In 1895, Bourquelot and Heriseey (1897) 
investigated the enzymes from the juice of Polyporus sulphureus, and in 1899, Czapek (1599) 
discovered the lignin-destroying enzyme in Merulius lacrymans, Two years later, Kohns- € 
tamm (1901) made some attempts to determine the enzymes of Merulius lacrymans and Armil. e 
pria mellea, but his results were inconclusive as the technique of enzyme chemistry then was 


not fully developed. Subsequently, Buller (1900) brought out a list of enzymes present in A 
the expressed sap of the young fruit-bodies of Polyporus aquamasus growing in nature. In -< 
recent years Zeller (1116), Schmitz (1020, 1921, 1025), Lutz (1930, 1931), Schmitz and Zeller b 
1910), Nutman (1929), Yamano (1931), Venkatarayan (1936) and’ others have carried. out ʻi 
(mportant investigations in this line, From the literature cited above it appears that only n 


in very fow Polyporea (about | a dozen) have been studied with regard to their enzymic activity 
In the present paper the more important enzymes of eight species of wood-destroying 


Polgpores, viz, Polyporus ostreiformis, Polystictus hirsutus, Daedalea flavida, | Polystictus 4 . : 
anguineus, Trametes lactinea, Polystietus. leoninus, Trametes cingulata and Polyporus zonalis, 
have been studied in detail in artificial culture. The enzymic activity, both intracellular and | i 


extracellular, was measured at three different stages of growth, eiz., (1) young vegetative 
mycelium, (2) mycelium about to bear fruits, and (3) mycelium with fruit-bodies. Side by 

side, the enzymes contained in mature fruit-bodies collected from nature were also studied. z 
nature of decay of mango-wood blocks inoculated with pure cultures of these Polypores 
also studied, Incidentally, the change of pH values after growth, the production 
bodies in- artificial. cultures and cultural eharacters in liquid medium were noted. 
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2—Marewans AND: Merions 


Pure cultures of Polypores were obtained by the usual spore-culture method, and they 
were subcultured in 2%, malt-agar slants (pH 6,5) in tubes, The fungus- -meal and the solu- 
tion containing — enzymes were prepared in the following way - 

To ensure comparable results all the Polypores were grown in 2%, malt-extraet (liquid) 
medium with pH 6.8, A series of Erlenmeyer flasks containing 100 6e. ‘of this liquid medium 
was autoclaved at 115*—120*C. for 20 minutes, and on cooling was inoculated with a mycelia 
transfer from the spore culture of the Polypore required. The fungus mats were taken out 
nt three different stages of growth as stated previously, and were washed in running tap water 
followed by distilled water till they were free from the adhering medium. These mats were 
dried partially by being put between sheets of blotting paper and finally dried in à vacuum 
desiccator over sulphuric acid. They were weighed, finely powdered in a mortar and kept > 
in a refrigerator for use as sources of intracellular enzymes. After taking out the mats. the 
liquid medium left behind was collected and measured. An aliquot part of this medium 
was filtered and preserved with a few drops of toluene in the refrigerator. This liquid medium 
contained the secreted enzymes, which will be called extracellular enzymes in all subsequent 
descriptions. From the dry weight of the fungus mats and the volume of liquid medium 
we have calculated the quantity of the latter which corresponds to 1 w. of dry fungus mat- 
"The intracellular and extracellular. enzymes have been compared on this basis. 


S—Cr Lavra CHARACTERS , 


(a) The nature of growth of different Polypores in liquid medium (malt extract) 


In liquid medium (2% malt extmet) in Erlenmeyer flasks and at room temperature (26°— 
C), Polystictus hirsutus, P. sanguinens and Trametes cingulata grow rather slowly and do 
not form a thick mat on the surface ; they form a loose growth on the surface with a large 
amount of submerged mycelium Polyporus zonalis, P. ostreiformis, Polystictus leoninus, 
Trametes lactiner and Daedalea flavida, on the other hand, grow very quickly and the liquid: 
surface is generally covered with a thick mycelial mat before the «mall fruit-bodies appear 
here and there; there is also some amount of submerged mycelium. Clamp connexions 
were noticed in all of them (in both the aerial and submerged hyphae) with abundant crystals 
of ealeium oxalate, A number af conidia was found in old cultures of Polystictus hinetus, 
P, sanguineus and Trametes cingulata. 


(h) Production of fruit-bodies in eulture 


In liquid medium (2%, malt extract) in faaks Polyporus ostreiformis, Polystictus teoninu 
SIE X - E : — oa 27.57 [2 fale = LIT B Lush: 


7 ihs and 
—— «rd mon nth i and | 20 di 


Å - te — d * T zs zm nd 25 d > ‘ 
^ * p" za ® 











ENZYMES OF SOME WOOD-ROTTING POLYPORES A 


alter nearly 4 months, Ducdulea flavida after 2 months and 4 days and Trametes lactinen after 
nearly 11 months, 


le) Change of pH values after growth in liquid medium 


The initial pH value of the inoculated liquid medium (2*4 malt extract) in each case was 
üs. After growth in the course of 860—400 days the pH value came down to 3.2 in the flaska 
with Polyporus ostreiformis and Polystictus hirsutus: the Polyatictne sanguineus flask showed 
pH 42, Daedalea flavida pH 4.4, Trametes lactinea pH 4.2, Polyporus zonalis pH 5. Poly. 
stietus leoninuxs pH 5.6 and Trametes cingulata showed pH 5.1. 


4—Natune or Decay is [xocvtATED Woob-BLOCKS 


The nature of microscopical and maeroscopical changes in the inoculated mango-wood 
blocks has been described in detail in connexion with the enzyme ligninase (p. fO) in Table 
VILE under the headings of microscopical and macroscopieal observations. Tt has been found 
that Polystictus sanguineus, P. hírsutun and Dorlalea flavida produce white rots. in. the 
inoculated wood-blocks, thus belonging to the lignin-destroying group. while the rest produce 
more or less browniah rots, being principally cellulose-destroying fungi. In recent years there 
has been a good deal of controversy regarding the classification of wood decays into. brown 
and white rots, ms pointed out by Campbell (1990), We have, therefore, followed the results 
of microscopical findings by subsequent estimation of lignin in original and decayed wood, 
and we find that these results mutually agree, Campbell (1032) has further classified. white 
rots on chemical grounds into three distinct groups, riz., (1) white rots in whieh lignin is attacked 
in the early stage and the attack on cellulose i» delayed; (2) white rote in whieh cellulose is 
attacked in the early stage and the attack on lignin is delayed: (3) white rote in the early 
stage of which both lignin and cellulose are attacked but in varying proportions, From 
Table VILI it is clear that in at least. two cases of white rots (by Polystictus sanguineus and 
Daidalea flavida) there was no delignification in the course of 21—4 months, hut a distinct 
sign of delignification was noticed after 4) months. So, probably, they belong to the second 
group of white rete. In the progressive decay of ashwood by Polyporus hispidus, Cartwright 
and others (1936) have found that the lignin was not attacked at the immediate onset of decay, 
and that there was distinet evidence of attack after about 20 weeks (ie. 5 months). In the 
white rot caused by JPolustichus. hirsutus. dolignitioation was evident from the beginning and 
it progressed much in the course of 5 months Of course, at very advanced stages of decay 
it becomes difficult to differentiate one type of white rot from another by chemical means, 
the ultimate primary reactions being probably the same in all three groupes of white rots, as 
remarked by Campbell ( 1932, p. 1836). We entirely agree with Campbell (1932) and Cart- 
wright and others (1936) that '" the white rot fungi are not consistent in the manner of their 
attack on wood and there is no general uniformity with regard to either the order or propor- 
tion in which the major wood componenta are decomposed.” 


6—Enzyuns PRESENT 


The results of enzymic investigation together with the methods are given below : 
In all cases estimations were carried out in duplicate and mean values taken. Side by 
side, control flasks both with the active enzymes. without substrate and the inactivated 
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enzymes (inactivated by autoclaving at 15 lb, pressure. for 1 min.) were kept to correct. for 
s any error due to hydrolysis or the presence of any reducing substances, i.e.. the figures show 
the real values obtained by the action of the enzyme on the substrate. The amount of correc- 
tion was practically negligible . 
TOO 一 了 je reaction mixture wax composed as follows : a 


(a) For intracellular enzymic study: 20 cc. of 0.2%, saceharose, 10 cc. citrate buffer 
of pH 4.4, 7 c.c. distilled water, 0.1 g. fungus-meal and 6 drops of toluene. 
(b) For extracellular enzymic study: 20 ce. of 0.2%, saccharose, 10 c.c, citrate buffer 
of pH 44. 5 cc. distilled water, 2 ce. of extracellular enzyme and 6 drops of toluene. 
To facilitate comparison the total digested volumes in both (a) and (6) were kept the same. ie f 
The flasks containing the reaction mixtures were stoppered and incubated at 37*C, for 7 days, jA 
after which an aliquot. part was taken out, and the reducing sugar was estimated by Shaffer 
and Hartmann's (1921) micromethod The mean results of duplicate estimations are given. + 


in Table I | 
i 
Tante I ; 
A—intracellular enzymic activity | 
Figures given im mg. of reducing. sugar formed in 10 ce. of the total digested volume of 37 ve ; 
eontaming 0.1 g. of fungus-meal. 
Young Mseclium Mycelium Fruit io 
Specie vegetative about to containing collected 
mycelium fruit fruit-bodies from nature 
Polyporwe ostreiformis 16.00 15.4 12-73 3.25 ! 
Polystictus Mrrufus 11. 13 16 14 a | 251 "p 
Polystictus sangwimens 11457 Io 455 Wal 2.40 i 
Dardalen flarida 274 243 208 0,82 | 
Trametes lactinea LH 4.581 344 1.02 
Polystietus leominus 12 70 11.25 iiS 1.75 F=. 
Trametes cingulate 662 Ss 455 Lie 
Polyporus zomalis 160.50 fis 5 Ws 233 
B— Extracellular enzymic activity ] 
Figures given in mg. of reducing sugar formed in 10 c.c, of the total digested volume of 9 et. 
eontaming enzymic solution corresponding to 0.1 jr. of fungus-moal, f 
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Kaffinase—The reaction mixture consisted of the following : 

(e) For intracellular enzymic study ; 20 co, 0.2% raffinowe, 10 ec. citrate buffer of pH 
44, 7 c.c. distilled water, 0.1 g. fungus-meal and 6 drops of toluene. 

(^) For extracellular enzymic study : 20 c.c. of 0.2% raffinose, 10 e.c. citrate buffer of pH 
VA, 5 cc, distilled water, 2 cc. enzyme solution and 6 drops of toluene. The remaining pro. 
cedure was the same as in the case of invertase and the results obtained are given in Table II. 


Tanca Il 
A—Intracellular enzymic activity 


Figures given in mg. of reducing sugar formed in 10 ee. of the total digested volume of 37 ee 
containing 0.1 g. of fungus-meal. 


Young Myceliurn Mywelicim Fruit 
Species vegetative about to containing collected. from 
mycelium fruit fruit-bodirs nature 
Polyporus ostresformis 7.80 TH n x 1.25 
Polystictus hirsutus 1.58 45 42 ".I4 025 
Polystictus sanguineus TH iat $42 0.41 
Dacdalea flavida 5.04 448 157 0.02 
Trametes lactinen 5.35 5.25 427 1.12 
Polystictus leonminus 7.802 345 I L 
Trametes cingulate 5.36 485 415 Li 
Polyporus somalis 645 5583 5,75 1.21 
B— Ectraeellular emzymióc acheity 


Met plc given in mg. of reducing sugar formed in 10 c.c. of the total digested volume of 317 ec. 


ning enzyme solution corresponding to OI g of fungus-meal. 
Young vegetative Alout-to-fruit 


Species stage Vago Fruiting stage 

porua ostreiformis 119.00 niso 109.20 
pt eta hirsutus 74.11 HS 44 65.25 
Polystictus ineur 125.30 127,00 127.00 
flavida 4519 45.05 usi 
Trametes 人 44.42 A240 A 
leominus 75.72 d —* 

Trametes ei hi 47.26 46 
yporus —* 72.05 07.78 66.08 


It is seen from Table II that Polyporus ostreiformis is the most active and Trametes lac- 
linea the least. As in the case of invertase, the extracellular enzyme solution is much more 
active and there is a fall of activity from the vegetative to the fruiting stage. The natural 
yporophore is also less active than the artificially grown one. 

Maltase or a glucosidase—The reaction mixture consisted of the following : 

(a) For intracellular enzymic study: 20 c.c. of 0.1% maltose, 10 èc. phosphate buffer 
of pH 6.2, 7 c.c. distilled water, 0.1 g. fungus-meal and 6 drops of toluene. 

(6) For extracellular enzymic study : 20 c.c. of 0.1%, maltose, 10 c.c. of phosphate buffer 
of pH 6.2, 5 c.c. distilled water, 2 ec. enzyme solution and 6 drops of toluene. 

The remaining procedure was the same as in the previous case and the increase in reduc- 
ing sugar formed was estimated ns before by Shaffer and Hartmann's method. See Table ITI 

?—140€n 

















u N, R. BOSE AND 5. N. SARKAR 
In this case also the activity of Polyporus ostreiformis is the greatest. There bs also n gradual 
fall of activity a» before, and the extracellular enzyme solution is much more active. 
Amylase—The reaction mixture was made up as follows : 
(a) For intracellular enzymic study: 20 c.c. of 1% starch solution (Merck's soluble 
starch), 10 ce. phosphate buffer of pH 4.9, 7 c.c. distilled water, 0.1 g. fungus-meal and 
6 drops of toluene. 
(b) For extracellular enzymic study: 20 c.c. of 1% starch solution, 10 oo. phosphate 
buffer of pH 4.0, 5 cc. distilled water, 2 oe. enzyme solution and 6 drops of toluene. 
Taste IH 
A—Jntracellular enzymic activity 
Figures given in mg. of reducing sugar formed in 10 ee. of the total digested volume of 37 o.c, ' 
containing 0.1 g. of fungus meal. ' d 
Young Mycelium Mycelium — Fruit 
Npecies vegetative about to containing eolleeted from 
mycelium fruit fruit- bodies nature 
Polyporus ostreiformis 755 6.3 t.25 1404 
Polystictus  hireutus CETT 1.60 145 034 
Polystictus sanguineus 202 224 1.98 0.581 } 
Daedalea flavida ih 5 4t 5258 112 | 
Trameles lchinea ^20 eS 162 Uf 
Polystictus leonines 4:5 2 225 adl 
Trametes ringulata nas 457 4.08 12) 
Polyparine zonalis 24 LAS L 45 | 
R— E rtracdllular enzymic activity 
Figures given in mg. of reducing. «ugar formed in 10 ce. of the total digested volume of 37 e.e. 
containing enzvine solution rorresponding to 0.1 @ of fungus-mèal. ! E 
! 
' : Yo 1 tiv About-ta- ^" 
Species I — t -fruit Fruiting stage i 
Polyporus atreiformis 折 47,72 94.660 $ 
ictun hireutun LAT 10.77 921 
Polystictus Mngu neus ERT LLO0 467 E 
Daedalea [lary ta 19.78 |f 523 rf 
下 lacina I5 fici 7.21 16.43 Pi. 
Polystictus leoninwn 12:72 1150 10.76 E 
Trametes eingulnia 10.52 18.47 17.85 "Lr ON 
Polyporas. zonalis I ts fn 8.75 SOM 
4 — WA LU. WT Tac bee t. de A - ; ) m 
The reaction flask» with the control ones were incubated at 37°C. for 24 hm after which — 
the reducing sugar formed was cases. See Table IV. 
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containing 0,1 g. of fungms-meal. 


Species 


Young vegetative Myerlium about Mycelium contain: 


Polyporus oatrerformaa 
Polyetictus hirsulus 
Polystielus sumguimens 
Daedalea flavida 
Trametes laetinea 
Polystictus leointe 
Trametes cingulata 
Polyporus zomalis 


Figures given in mg. of reducing suger formed in 10 ce. of the total digested volume of 37 ec. 


myeelium to fruit ing fruit-bodies 

5. 2276 24 57 
7 44 nol 401 
31253 34 40) 331357 
25.73 27.16 2521 
| 8.84 bat 17.65 
21.02 1758 15.75 
I^. 30 17.56 17.15 

iS hi 4At 

B— Extracellular enzymic activity 





Tania IV 
A—J ntraceliudar ensyin tc activity 


containing enzyme solution corresponding to 0.1 g. of fungus-meal 


Young vegetative 
"age 


Polyporus 


Species 


Polystictus hirmutua 
Polystictus manguinens 


Drrecalea flavida 
Trametes lactines 


Polystictus leoninus 
Trametes cingulata 
Polyporus sonalia 


The reaction flasks with the control ones were incubated 
an aliquot part was taken out and the HON was driven out by evaporation, and finally the 


oatreiformis 


410712 
215.40 
2040411 
I SI 
100.26 
MA 
101.72 
208.55 


w043 
180.15 


About«to-fruit 


reducing sugar was estimated by Shaffer and Hartmann's method. 


It is evident from Table V that all these Polypores contain sufficient glucoside-splitting 
enzyme. Among them Polystictus sanguineus appeared to be the most active. In thin case 
also the extracellular enzyme solution was much more active and there wae à diminution 
from the vegetative to the fruiting stage. 
dered endosperm of date seeds (Phoenix daetyli- 
fera), used by the majority of investigators, was used in the present investigation. 


of activity 
Hemicellulase—As substrate, finely pow 


con 0.1 g. of fungus meal. 
Young vegetative Mycelium about 
Species mons imm to fruit 
yporus ostrei forms 24.54 2154 
Peli “ray 2334 41.77 
ictus samgnineus 24 80 22 98 
pr SRL 
Dacian frin s 21 123 
Polystielus leoninus E " M 
Tramefes cingulate Ly 7 
12.54 MST 


my. of reducing sugnr formed in 10 ee. of the total digested volume of 17 cc. 


Tame V 
A—Introcellular enzymic activity 


Fruit collected 
from nature 


Fruiting stage 


Hn sa 


at 37*C. for 7 days, after which 
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Taste V—(confinued) 


B— E rtieellular enzyme neticity 


given in mg. of reducing sugar formed in 10 cc. of the total digested volume of 17 cv. 
containing enzyme solution corresponding to OL g. of fmngus-meul. 


, Young vegetative About-to-fruit 
Species evans Mage Fruiting stage 
Pol 1 ostreiformis 143.06 125.79 123.19 
Polydichus MA 118 25 Vost 165.358 
Polystichus sanguineus L0 5E 147.42 146 06 
Daedalea flavida 41020 358.02 20.00 
T'wmrtes loctinea nl 41 os 06 58.70 
Polystictus leoninus 120,50 111 107.48 
Trametes eingulata S8 26 5738 5557 
Polyporus zonis un 7 | As 101.56 


The reaction mixture was composed as follows : 

(a) For intracellular enzymic study: 0.5 g powdered date-seed meal, 15 ce. distilled * 
water. 6.1 g. fungus-meal and 6 drops of toluene. 

(b) For extracellular enzymic study: 0,5 g. powdered date-seed meal, 10 cc. distilled 
water, 5 cc. enzyme solution and 6 drops of toluene. 

The reaction flasks with the control ones were incubated at 27°C. for 21 days and the 
reducing sugar wase stimated at the end of that period. 

Date seeds (Phorsir dactylifera) were thoroughly washed and were scraped with emery 
paper to remove their outer coats They were then rinsed in distilled water, cracked open 
and the embryos cut out. The hemicellulose (endosperm) thus obtained was autoclaved 
in distilled water at 15 1h. pressure for 20 mins. to de-activate all enzymes as well as to kill any 
micro-organisms present, Van Tieghem cells were prepared and very thin slices of hemicel- 
lulose were suspended in hanging drops of both intracellular and extracellular enzyme solutions 
along with the contro] (sterilized distilled water), To each cell a few drops of toluene was 
added as an antiseptic, and at the bottom of each cell a small quantity of sterilized distilled 
water was placed to prevent evaporation. After 1 month, erosion of the hemicellulose wax 
noticed in all drops of enzymes but not in the distilled water (control). After about 4 month 
and a half the erosion was very distinct, at places only some granular substances and a few 
fragmenta were left. Thus, it is evident from Table VI as well as from the experiments with 
Van Tieghem cells that hemicellulaw is present in all the eight Polypores. i 

Taste VI 
A— Intracellular enzymic activity iik | 
Hu of reducing sugar formed in 10 t, o Ge VU dine vien GELAG 


— 
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Tante VI (continued) 
B— Ertraeellular enzymic activity 


Figures given in mg. of reducing sugar formed in 10 ce. of the total digested volume of 15 e.c. 
containing enzyme solution corresponding to 0.1 g. of fungus-meal. 


Ted Young vegetative About-to-fruit 
N 
pocies | i Fruiting stage 

Palyporus ostreiformia 040 528 6.62 
Palystictus hirwutuas 4.10 341 2.03 
Palystichua "m 44) 34 324 
Dardalea flavi $44 2.46 257 
Trametes —— 2.93 254 248 
Polystictus leoninus 475 + 3.15 
Trametes cingulate 34^ 216 2.51 
Polyporus somalis 2.75 112 2.78 


Cellulase—The reaction mixture was composed as follows : 

(a) For intracellular enzymic study : 10 c.e. of finely pulped filter-paper-cellulose sns- 
pension in water, 5 c.c. distilled water, 0.1 g. fungus-meal and 6 drops of toluene. 

(b) For extracellular enzymic study: 10 c.c. of the above cellulose suspension, 5 ec, 
of enzyme solution and 6 drops of toluene. 

The reaction flasks were incubated at 37'C. for 21 days and then the reducing sugar esti- 
mated as in previous cases. 


Tang Vil 
A—JIntracellular enzymic activity 


Figures given in mg. of reducing sugar formed in 10 e.e. of the total digested volume of 15 cc. 
containing 0.1 y. of fungusmeal. 


Young Mycelium Myvelium Fruit 
Species vegetative about to containing collected from 

mycelium fruit fruit-bodies nature 
otreiformis sal 291 271 0.62 
Poly Michue hirsutus 2.33 1.91 1-44 0.41 
Polystictus aangwinews 3.00 251 1-05 0.57 
Dawlalan 2.07 1.40 L13 024 
T'rametes —— 207 L46 127 0.32 
Palystictus leoninus 245 221! 1.95 045 
Trametes cingulata 2.12 201 1.59 0.51 
Polyporus zonalis LBS ` 1.65 L 151 0.40 

R— Extracellular enzymic activity 


iven in mg. of reducing formed in 10 e.c. of the total digested volume of 15 ce. 
NE oris —— solution doen iet an to 0.1 g. of funjms-meal. 


Species Young vegetative About-to-fruit Frotting stage 
Polyporus ostreiformis Mr T i £76 
Polyatictus st terti 508 4.12 3.52 
Daedalea flavi th 276 由 t 

1rnefes lach 144 2 so : 
Pelyelictus luminus 11.72 re 7, 8s 
onan 区 374 a 
Polyporus zonis &76 








10 5. R. BOSE AND 5. N. SARKAR 


Cellulase is, thus, seen to be present in all the Polypores studied, but the activity of cellulase 
a» well as of hemicellulase is not so marked as that of other carbohydrases This point will 
he dealt with in the discussion, 


Lactose and Zymas — MI the Potypores were tested for these two enzymes which were 
found to be absent. 


Pectinase —To study the activity of this enzyme, uniformly thin sections of potato tubers 
were cut off and kept immersed in the extracellular enzyme solution and in aqueous. suspen. 
sion of enzymes from the fungus-meal in closed vessels, and they were examined from time 
to time. All the types showed the presence of pectinase. The time required to cause the . 
joss of coherence of cells was between 20 and 25 hrs. and no perceptible difference in activity 
in different types of Polypores could be noticed. For accurate quantitative work the enzyme 
requires to be purified and concentrated, which, however, could not be carried out in the 
present case 


Ligninas-— he hadromal reaction of Czapek to detect and estimate the activity of lignin. 
destroying enzymes being not very suitable, the action of Polypores on wood-lignin was studied 
in the following way 

Dead mango-wood blocks were soaked with water by being alternately put into cold and 
hot water for 3 days; they were then placed within Roux tubes and were sterilized in a Koch's 
sterilizer at 10 C. for 20 mins. for three successive days, and afterwards were inoculated with 


these eight Polypores, Control Roux tubes containing representative sterilized sample blocka 4 
were kept side by side. The microscopical structure and the lignin content of the control " 
wood blocks were determined at the beginning. Periodically, the lignin content of all the — 
wood blocks was estimated and the microscopical examination of the inoculated wood blocks. r, y 
was compared with that of the control wood blocks. The lignin was estimated by a mixture — 









of 18%, hydrochloric and 72%, sulphuric acids as described by Norman | 
(1929). The results are given in Table VII. 

It appears from the figures obtained by the chemical analyses that the pere nta ze of 
(on dry basis in residual wood) in-wood blocks attacked with Polystictus sangui 
flavida, Palystictua hirsutus and Trametes cingulata in loss than that of the 
indicates that the lignin was attacked and the rate of decomposition of lignin - 
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ENZYMES OF SOME WOOD-ROTTING POLYPORES 


Tanu Vill—Acrion or Polypores os Masao-woop BLOCKS 


Period of Macroscopical 


Sat Specie incu bation olmervation 


ist Control (sterilized mango-wood blocks in Roux 
tubes) 
Polystietua 3 months The colour of the 
hirsutus, " | 

from «deep brown 

to whitish, the 

wood thus be- 

ing white-rotted. 

The wood has 

woftened — wuffi- 


cwntl y. 


5 monthe As above 


» Polyporus 3 months The — colour 
osfres formis, mained 


5 months As above 


Microscopical observation 


lu some wood cells the lignin - 


has completely dixappeared, 
in some partially, and in 
others there is no loss of 
lignin. The cells towards 
the periphery show greater 
loss of lignin. In compari- 
son with the vessels and 
medullary ray cells the wood- 
cells. show murh greater 
delignification, In one or 
two vessels delignification is 
noticed, while some medul- 
lary ray colls exhibit greater 
delignification, ‘This process 
of delignification, as it ap- 

at is gradual. 


of the infected as well as of 
healthy wood show a num- 
ber of brown gummy drop 
The old hyphae are without 
clamps and not constricted. 
The boreholes are large. 
The nature of rot is some- 
thing like mottling, an 
described by Hubert (1931, 
p. 378). 


As above, but delignifieation 


was more prominent 


ree "he order of attack is like 


that of Polgstictun. hirsutus, 
ie, first wood celle, then 


hirentus, Almost the 
wood and medullary ray cells 
— re — of gummy 
" A pparent nao 
tignifention. Old — are 
not conetricted and are with- 
ont any clamps. The bore- 
holes. are large. 


Aliniost. as above 


MO on dry 
basis im resi- 


dual wood. 















Amount of 
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Lipas—The lipolytic activity wa» estimated by the method of Kanita (1025) and the 
results obtained are given in Table IX. No activity was found in extracellular enzyme solu- 
tion, probably because the concentration was too small to be detected. The reaction flask 


were incubated at 37°C. for 7 days. 


Tase IX 
Figures given in oe. * (04 N KOH for the whole digested mass containing OI g. of fungui meal 
Young Myeelium Mycelium Fruit 
Species vegetative about to containing collected from 
j myvelinm fruit fruit-bodies nature 
Polyporus ostres forme ne ah (1.35 u.14 
Polystictus Mrsutus u 35 0.28 i) 28 12 
Polystictus samgyuimeus o n à 8 (49 u25 2 
Daedalea acida (5s 0.52 OAT 6. 15 
Trametes lachimea val ad 2 0.15 
Polystietus leoninus 0 45 oya 025 0,12 
Trametes cingulate LE C eg 4 a 
Polyporus zonalis al 27 a5 i qo 





Proteolytic enzymes—The proteolytic enzyme activity was studied by taking 2%, peptone 
or 25, eyg albumin a substrate, With peptone, slight activity was found but with albumin. 
the activity was negligible. Here also no activity was found in the extracellular enzyme 
solution, The reaction mixture was made up as follows : 


Fee, of 2% peptone, 5 ce. citrate buffer of pH 5, 2 e.e. distilled water, 0.1 g. fungus-meal í 

and a few drops of toluene. The flasks were incubated at 37°C. for 24 hr., and afterwards 

2 e.c, were titrated with 0.04 N alcoholic KOH according to the method of Willstatter and . 
Walklschmidt-Leitz (1921); the results obtained are given in Table X. 


Tane X 


Figures given in ec. of 004 N KOH for 2 cc of the total EE TAE, x 
fungrus-mral digested volume containing 0,1 g of M 
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ENZYMES OF SOME WOOD-ROTTING FOLYPORES I5 
Tante XI —IsThaCELLULAM Exeyone Aemierey 


Figures given in c.c. of 0.1 N KMnO, for 10 cc. of the total digested volume of 37 c.c. containing 
Ol wv. of fungusmeal. 


Young Mycelium . Mycelium Fruit 
Species vegetative about to coritatningr collected from 

mycelium fruit fruit belies nature 
Polyporna osreiformis 65.50 3,25 740 nad 
Polystictus hirsutus 6.50 nou 3.00 nae 
Polystictus —— 7.50 Nu ^25 70 
Daedalea flavida 435 5.25 5.35 «8.10 
Trametes laetinea 45375 3 065 4 t ob tis 
Polystictua leoninus TAU 7 7.90 7.57 
Trametes cingulate A 4345 4 HR 
Polyporus somalia A30 4 to 540 f. (4 


It appears that the catalase activity slightly increases. from the vegetative to the fruiting 
stage. This has also been noted by others, 

Laccase—The activity of laccase wa* tested with Guaiac tincture. It was present in 
detectable quantity (both intracellular and extracellalar) in Polystiefus sanguineus, Doedalea 
flavida and Trametes lactinea, slightly in Polystictus leoninus and Polyporus zonalis, and absent 
in the others. No quantitative experiment was carried out with this enzyme. 


6—Disersstos 


Most of the previous enzyme studies of Polyporaceae deal with intracellular enzymes 
alone ; the majority of the workers have made only qualitative estimation of enzymes and 
thew determined the enzymic activity only at the young vegetative state in culture flask». 
No doubt the enzymes are then very active, as they are secreted from the tips of the actively 
growing hyphae, but a comparison of the activity of the enzymes at different stages of growth 
up to the formation of fruit-bodies would be useful, In only one case (of Lenzites sepiaria) 
Zeller (1016) has shown that most of the enzymes found in the vegetative state, excepting 
oxidas®, are scanty or absent in the sporophore. In the present work we have almost 
invariably compared the enzymie activity, both qualitatively and quantitatively, at three 
different stages of growth, viz, (a) young vegetative stage, (6) old mycelial (about-to-fruit) 
stage, and (e) fruiting stage; «ide by side, the intracellular enzymes of sporophores growing 
in nature during the rains on log», stumps, ete, have been estimated, There i» a regular 
progressive decline in activity in the majority of cases (except that of catalase) as the species 
in culture passes from the young stage ultimately to the fruiting stage, while in the fruits 
formed in nature the activity is considerably lower. In all cases excepting catalase and pro- 
tealvtic enzymes the amount of extracellular enzymes was found to be larger than the cones- 
ponding intracellular ones. Of course, the quality and quantity of enzymes will vary with 
each species : for instance, the dinstativ activity of Polyporus ostreiformis ix about five times 
as great as that of Polystictus hirsutus, while the corresponding activity of maltase ix about 
thrice as great. So, special stress has been laid on the determination of both intracellular and 
extracellular enzymes and their qualitative as well as quantitative estimation at three different 
stages of growth. Kohnstamm in 1901 started. with the same idea of the determination of 
enzymes of some Polypores at the four above-mentioned stages, but he could not get any 
comparable results, 


3H 
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It is well known that the secretion of enzymes varies qualitatively and quantitatively 


according to the nature of the medium of the fungus. Having used malt-extract medium ` 


(2% with pH 6.8) throughout, we had the predominance of carbohydrases ; thero being little 
cellulose, hemicellulose, pectin, lignin, ete., in thie medium, the activity of eytohydrolysing 
enzymes was much less. 

It would appear from our results that the Polypores contain and secrete both a and ij 
glucoside-splitting enzymes. ‘This is expected, as the Polypores decompose complex carbo- 
hydrates containing a and 9 linkages The preponderance of 3 glucosidase (emulsin) over 
the x glucosidase (maltase] ix possibly due to the fact that cellulose, which is decomposed by 
the Polypores, contains A linkages. While all the other enzymes like invertase, amylase, 
cellulase, maltase, etc. are secreted externally into the medium, the catalase is found 
only as an intracellular enzyme. This may be due to the fact that while the function of extra- 
cellular enzymes is to convert the food materials into available form, the catalase plays its 
role principally in the respiration of the fungi. 

We should bear in mind that in a living organism enzymes never act alone in a pure state, 
they all act together; and. moreover, the external factors play a possibly predominating 
role as pointed out by Falk (1935) He thinks that the enzymes may be the heredity factor 
linble to be acted upon by the environment in any particular case. 

In connexion with enzymes. especially in truly parasitic and hemiparasitic fungi, one 
should also consider the possibility that enzymes may sometimes be prevented from acting 
by forces exerted by the living host cell, à type of chemical and mechanical resistance offered 
by the plant, as pointed out by Brown (1934); in such cases there is no attack. Corner 
(1935) has shown that on an inappropriate host the early stages of penetration by a mildew 
parasite are the same as on the proper host, ie., the cuticle is pierced mechanically, The 
penetration-provess, however, usually develops no further in the inappropriate host and is 
probably killed by toxic substances in the “ host " cell. Brown remarks (1934) that in some 
casts " the cell-wall substance of the plant is not hydrolysable by the enzymic apparatus of 
the fungus. As the best evidence available indicates that the protoplast-destroving agent 
only functions after previous attack on the cell-wall by the enzyme, ——— 
on the living celle. Immunity, thus, ultimately rests upon the composition of the cell- 
Herein lies the importance of knowledge of the chemistry of si oeiia, baeni sorte 
lignin and similar substances. 


Our grateful thanks are due to the University of Calcutta for a research grant to one of - | 


us (S. N. 5.) for one year from the Kirtikar Memorial Fund of the University. 


We are indebted to Dr. K. P. Basu, Reader in Biochemistry, Dacca University, Dr. B. C. 


Guha, Biochemist, University College of Science, Calcutta, and Dr. H. E, C. 


of Biochemistry, All-India Institute of Hygiene and Public Health, Calcutta, for kind — 


‘through the manuscript with us and for helpful suggestions, 
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2. To ensure comparable results one particular medium of a definite concentration, viz, 
2%, malt extract with pH 6.5, was used throughout, and recent methods of estimation of 
enzvmie activities were adopted, j 

3. The activity of both intracellular and extracellular enzymes wae stadied at three 
different, stages, wis., (a) young vegetative stage, (6) old mycelial (about-to-fruit) stage, and 
(c) fruiting stage. Side by side, intracellular enzymes of fruit-bodies collected from nature 
were estimated. In almost all cases the activity wee studied both qualitatively and quanti- 
tatively. 

t. ‘The amount of extracellular enzymes has been found in all cases to be much larger 
than the corresponding intracellular ones according to the methods adopted by us. It there- 
fore appears that the major portion of the enzymes formed in the cell is secreted. externally 
into the medium to convert the food materials into an available form. 

5. In all cases except that of catalase it has been found that the activity of enzymes in 
the vegetative state is greater than that in the fruiting or about-to-fruit «tage. In the case 
of extracellular enzymes, where the total quantity of enzymes secreted i» collected in the 
medium externally and taken into account, thi» statement is made with reservation, in view 
of the fact that a certain time elapses between the collection at the vegetative stage and at 
the fruiting stage, though they were inoculated at the same time. During this interval the 
activity of the extracellular enzymes might decrease, but this question does not arise in the 
cast of intracellular enzymes. 

6. Among the carbohydrases, the following were found to be present, riz, invertase. 
raffinase, maltase, amylase, emulsin, hemicellulase, cellulase, pectinase and ligninase, while 
lactase and zymase were absent. 

7. Lipolytie and proteolytic enzymes were also found in small quantities. 

4. Catalase was found in all cases as intracellular enzyme, and laccase was present in 
Polystictus sanguineus, Daedalea flavida and Trametes lactinea, 

9. Of the Polypores studied, Polyporus ostreiformia was found to be the most active. It 
has been recently reported by Sharples (1028) and Bose (1044) as n suspected wound parasite 
on areca nut palms in Malaya and Calcutta respectively. 
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THE EFFECTS OF RADIATION ON SOME POLY PORES IN CULTURE 


ny 
5. KR. Bose 
Professor of Botany, Carmichael Medical College, Calcutta 


(Presidential Address delivered at the Seventeenth Annual Meeting of the 
Indian Botanical Society at Caloutta, on th January, 1935) 


Before | pass on to the subject of my address, I like to place before you a short 
history of our Indian Botanical Society especially for the information of foreign Botanists 
gracing this occasion of the Silver Jubilee of the Indian Science Congress. The 
Indian Botanical Society was started on December 6, 1920, after deliberations amongst 
the members of the Botany section. of the Indian Science Congress at ite Nagpur 
sitting in consultation with Botanists from different parts of India, The late Dr. Wintield 
Dudgeon of Allahabad (Jamuna Mission College) took a very prominent part in ite inaugure- 
tion and was ite first President in 1921, and the late Prof. S. R. Kashyap of Lahore (Punjab 
University) was ite first Secretary and Treasurer for 1921-1922. The Journal of Indian Botany 
was started in September, 1919, for publishing botanical work done in India : the Journal 
owes itx inception in the first place to the enthusiasm of the late Mr. L. J. Sedgwick, LC. 
F.L.S., a keen and prolific worker on Indian systematic botany, and in the second to the kind 
services of Mr. T. R, D. Bell, C.LE., the late Chief Conservator of Forests, Bombay, who 
generously came forward with an offer to guarantee the expenses till the Journal should be 
so far established as to pay its way; Prof. P. F. Fyson, B.A, FLS., the late Professor of 
Botany of the Presidency College, Madras, was its first Honorary Editor. The Journal was 
launched with a mixture of hope and doubt; though supported by nearly every important 
Botanist in India, the proposal met with misgivings from several who thought ‘the times were 
vet not ripe. Bot within a very short time, in fact in the course of eight months, thanks 
to the active co-operation of Botanists in India, ten numbers appeared with an average of 
over thirty pages of original matter and diagrams and about four of abstracts (reviews) to 
each. The original papers have been on nearly every branch of pure Botany, ie., on Fungi, 
Algae, Liverworts, Mosses, Gymnosperms, the Taxonomy of flowering plants, General and 
Physiological Histology and Morphology, Physiology, Ecology, and a Systematic Flora of 
a province, Abstracts and reviews have appeared of over 50 papers and books, and occupied 
40 pages of small type. 

In February, 1922, the Indian Botanical Society decided to approach Prof. P. F. Fyson 
to find out whether he would be willing to turn the Journal over to the Society. After some 
correspondence, Prof, Fyson finally agreed to hand the Journal over to the Indian Botanica! 
Society, ‘The tennsier of the Journal to the Society was finally completed in October, 1922 
and, sinos then, the Journal is the offitial organ of the Society. It was decided to change the 
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name of the Journal from '" The Journal of Indian Botany ^ to “The Journal of the Indian 
Botanical Society " in January, 1023. No. 6 of Volume HI of the Journal was the first num: 
ber issued by the Society in April 1923. The Journal records the activities of Botanists 
working in India on various phases of Botany, cytology-papers usually preponderating in 
number, A booklet on “ The Flora of the Indus Delta " hy Dr. T. S. Sabnis has been issued 
by the Society out of the reprints in earlier issues of our Journal, With the transfer of the 
Journal to the Indian Botanical Society an Editorial Board with an Editor-in-Chief was 
constituted for conducting the Journal, Prof, Fyson was elected the first Chief Editor of 
the Journal He continued as Editor up to 1926, then it passed through the editorship of 
Prof. B. Sahni, Prof. M. O. P. Iyengar and lite Prof. S. R. Kashyap in succession, The present 
Editor is Prof. P. Parija of Ravenshaw College, Cuttack ; during his able editorship the Journal 
has become bimonthly (of about 350 pages n year), while formerly it used to appear quarterly. 
The total number of members (ordinary and associate) is about 150; the Business-Managers — 
report gives a detailed account on these points. Eam glad to record the good services rendered 
by Dr. Miss E. K. Janaki Animal, our present Secretary, to the cause of the Society. 


[NTO THON 


Most of the published works on radiation in fungi are of a decidedly qualitative nature with- 
ont adequate control of environmental conditions, hence it becomes difficult to arrive at a 
correct interpretation of results which cannot be easily duplicated. The radiation here refers 
to the treatment of malt-extract agar-plate-cultures of three Polypores (Polyporus ostreiformix 
Polyatictus leoninus and Trametes cingulata) by ultra-violet rays, X-rays, radium, and sun 
light, The effects of radiation, as pomted out by Catcheside (5) are usually manifested in 
two ways, either (1) by producing temporary physiological effects on the individual, £e, by 
depressing or accelerating physiological functions or (2) by permanent effects leading to death 
or some modification of the germ-plasm. The first is phenotypic and indirect, producing i 
noxious physical or chemical conditions in the environment of the germ-plasm, and the second. 
is genotypic, causing direct hits on the chromosomes in. the nucleus, a single hit being de i wed 
as the absorption of one quantum of energy in the sensitive region. The sequence. st entà 
in chemical effects according to G. Failla (10) are (a) ionization, (b) chemical changes. (c) 
logical changes ; this probably accounts for the delay in the appearance of the effects of mc 
tion in living organisms—known as the latent period. ——— 
Most. of the effecta on fungi are of temporary nature, Saltations or muta! 
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here ane perfectly white, devoid of any pigmented substance. Even in the case of green 
Plante several investigators have found that different species as well as different individuals 
of the same species vary in their reactions to the rays; this relates to the question of special 
sensitivity in some plants. Only those plants whose genes are in an unbalanced state can 
be easily changed by the action of X-rays, ultra-violet rays, ete, Radiation-experiments which 
| have carried on Polypore-cultures are summarised below under appropriate headings. 


ULTRA-VIGLET RADIATION ANT SOLAR RADIATION 
Materials and Methods 


Malt-agar (malt extract 3%, and agar 275) plate-cultures of Polystictus leoninus, Polyporus 
ostreiformis and Trametes eimqulata were used throughout. The plates were exposed to the 
full range of quartz mercury arc yereened by cellophane paper from a Hanowa Alpine Sun 
operating on D. C. at 3.5 amperes with 100 volts across the are. The distance of the are from 
the culture-plate was in every case kept at 30 cm., at this distance practically no heating 
was produced near the culture-plate. The lid of the petri dish was always replaced by a thin 
cellophane paper (025 mm. thick) previously sterilised by alcohol, this prevented dust and 
contamination while allowing ultra-violet rays to pass through it. The range of wave-lengths 
wis from 2400 to 4000 Ñu which includes the whole of the biotic and a portion of the abiotic 
range and some portion of the violet region of the visible spectrum. Two kinds of exposures 
were given in each case—(1) an almost daily exposure of five minutes’ duration for 15 
(hive, (L) and only twice, of fifteen minutes’ exposure, in a fortnight. 


Krseprs (1) 15 TRE CASE OF DAILY EXPOSURE OF FIVE MINUTES DURATION FOR 15 pays’ 
(1) DAMAGE IN THE MAIN PLATE Oy Polystictus leoninus 


in the ease of Polystictus Ironinus the plate was exposed on Oth October, 1836, just four 
days after inoculation of the plate so that sufficient space was left im the plate for the growth 
of the culture following ultra-violet radiation; in this state the vegetative hyphae were all 
filled up with protoplasm, they were with elampe and with à number of short mediate branches 
without any trace of basidia. 








DAMAGE 
In the vegetative stage In the reproductive stage Observations 
(a) Hyphae . Basidin (the evidenoe of fruit- The A wurface of the 
The change produced after the | formation] appeared after the | irradia culture gradually 


very first exposure was consider- | third exposure, ie, seven days | developed a dull yellow colour 
able to the vegetative after the inoculation, The | after the fifth exposure which 
hyphae. Many became clamp- | fruiting period in the control | deepened with increased: radia- 
les, and proto became plite was alo seven days; | tion, The yelow colour first 
broken up into pieces and much thus, the initiation of the fruit- | developed in «mall pateles seat- 
vacuolated, ‘These hyphae ulti- formation was neither hastened tered over the surface of the 
mately lost their protoplasmic nor due to radiation. culture and ultimately the whole 
contents, became. double-walled But no porous surface was form- — eurface asmamed à dull yellow 
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————————— eee 
Int the vegetative stage In the reproductive stage | Obsereatins 





«nd were converted. into hairs. ed in the irradiated: plate nor | colour, which however was not 
Apart from mediate branches | any regular and erect fruits were | married over. to ite subcultures 
hyphae without elampe and produced, as am found in the | and presented a sort of burnt 
beached at right angles wore normal cultures "p appearmince 

aby produced in good. numbers, j 

bui the number. of clamped A^uwars from the coloured | The 3 nee forming the neri 
hyphae always preporderated | (yellowish) ana showed the | part of the culture plate never 
over fonchinped ones With accumulation of black «pote tended to go down and «ink 
HWeoeasing exposure the nom- | under the mieroseope within to the bottom of the medium 
camped hyphae were abo which were found numerous to avoid strong radiation is has 
damaged and showed broken bailia and orvstals Of calcium | been ned by Dillon Weston 


nature of protoplasm oxalate. The basidia were with ond Halnan (0). In the course 
(b) Comida were never pro- sterigmata and attached pores, of day-to«lay redintion if there 
duced they were irregularly scattered. | wa» an interruption for two or, 


le) Chlamvdospors were and never arranged in clusters: | three days. the culture in the 
produced: in goed numbers in with increasing exposures the [main plate showed n slighi 
cultures one month and ten daye basidia became very much | tendeney to reversion tò the 
old from the date of iwwnlation. shrunken in appearanos- normal condition. 





(2) Doomage in the merin plate of Trametes cingulata 











lo the Vegetative stage In the reproductive stage Observations 
(a) Hyphae Thi» stram of Trametes cin No colouration of the Upper 
Slight damage to hyphae uns guina was highly conidial and | surface of the culture plate waa 
noticed after the second exposure  non-fruiting, no spon wm ap- | noticed. ae in the case Polya, 


on Mth November, IWA; the peared even in normal cultures. | lcomimus. 
damage became more. pronouwnr- | 

ed with increasing exposures, the 

hyphse Jost their tangi condition 

atl became gradually narrower 

than the normal opes with their 


protoplasm either disintegrated 


er broken up inte dionnected "A 
musės. Empty h: und ex- | 
tremely narrow h wen abo 4 
produced in good numbers and i 
many of them lost their clamps. 
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(8) Damage in the main plate af Polyporus ostreiformis " 


In the care of Polyporus osteeiforimis the strain was non-conidial with a good number of 
thlamydospores, A smear. from the normal culture showed hyphae measuring 4—4» in 
breadth with wellvleveloped clamps and mediate branches in good numbers During the 
whole period of the experiment the normal «train was found to fruit in solid eultures only 
in plates and better fruiting ocourred in liquid (malt-ext.) cultures in flasks No fruiting 
occurred. however, in tube-eultares.— Fruiting occurred in plate cultures in 19—20 days 
and was eonfined. only to the walle of the plates. In liquid cultures in flasks fruiting wae 
not only earlier but also far bigger in «ize than in plates, Various methods were tried to 
induce fruiting in tubes without any success up to January, 1937: but since February, 1937, 
several tube cultures which were kept under identical conditions, fruited almost simultaneously, 
and since then fruiting has always been recorded. in tabes. 


In the veyetative stage 3 To the reproductive stage Observations 





(a) Hyphae No fruiting ewer ocourred on ' Resistance to seemed 
No damage was noticed until the irradiated plate but à emear | to be more marked in P. Teominno 
after the third exposure on Lith | taken 27 days after inoculation | or T. eimpulala and whereas in the 


November, 1006. Even then, the | from condensed ares on the wall latter the damage war evident 
damage was slight and in «mears | of the plate showed the presenoe either after the frit or second 
the hyphae were hardly distin- | of à good number of rudimen- five minutes exposurm, in P 


vishable from the normal ones. | tary basidia without any sterig- oatreiforms no damage was 
—— became more peonoune- | mata or «pores, No porous noticed until after the thini 


ed after the seventh and eighth | ares, however, was formed. ug | 

exposures and went on imereasing | | only noticeable point was 
with increased dows of radiation. | the de of a good aum. 
The nature of damage notion | ber of uni y narrow, filled up 


was tho sume as in other Gases, | and elongated h without 


and more vacuolated and | 
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I1) Changes in sub.cultwres from the miin plate of Polystiotus leonints (16., in the finnt vegetative 


(heme rene aco) 





In the vegetative stage 


(a) Hyphae. 

In Polystictus leominus alto- 
gether five subcultures were car. 
nied out in malt-agar from 
the irradiated plate, the first 
after the first exposure, the 
second after the third exposut, 
the third. after the ninth ex- 
posure, the fourth after the four- 
teenth exposure, the fifth and the 
last ten days after the fifteenth 
exposure. Smears from the 


vegetative area showed hyphan 


with much broken up proto 

and were much narrower 
than the normal ones with 
clamps extremely small and re. 
duced in «ize, Many of these 
were ultimately converted into 
hairs, Hyphae devoid of clamps 
were produced in good mambers, 


pepe with clamps always 
erated. 

(hb) The number of conidia 
produced was small but later on, 
they disappeared. altogether 


(e) Another feature of these 
lst generation-beultares was 


| 


In the reproductive stane 


The first and the second sub- 
cultures freited after 5. days 
while the lat 3 subecultures | 
fruit d on the Oth day 
inoculation The — frui 
period in the control at that 
time was À to 7 days eo that 
fruiting (ae noted by the lst 
appearance of basidia in smear) 
was delaved by | to 3 days 
Toothed area deve all 
round the inoculum and smears 
from thee areas. showed the 
presene of numerous basidis 
arranged in olose chuster but 


very few were with attached 


spares. The erect fruita that 
were developed later on in. these 
sub-cultures were found on see. 
tioning to have empty pores in 
the majority of cases with a few 
tramal hyphae bearing clamps 
only ot places These fruits 
on being inserted in agar plates 
did not shed any spors. The | 
shape of these fruits was ir- | 
megnar when fully formed. 


| 


(Observations 

It in thas seen that the damnge 
due to ultraviolet mys persisted 
right through the first genera- 
tion. (in plate) and no tendency 
lo rewerson was noticed either 
in the reproductive or in the 
vegetative phase. 





(3) Changes in WSI from the main plete of Trametes vingulata (ie. ín the firat vegetation — 











generation) 
In the vegetative stage In the reproductive stage | Observations 
) Hyphae. No fruiting occurred any. | Damage was first noted on — — 
i ike care di Trametes ringu- where even in control, — the Ith Nov. 1636, J— — 
lata 4 ub-eulturmee strain being non-fruiting. | recovery was noted in the 






















ON SOME POLYPORES IN CULTURE 了 


(3) Changes in euheculures from the main pinte of Polyporus otreiformis (he. in the first vegetative 





qune eat ion 
In the vegetative stage In the reproductive stage Observations 
(a) Hyphae No fruiting occured in any The dew of condis 
In the cose of Polyporus os- subculture in «mall nu in these 
Ureiformis, altogether four sub- Cultures lends support to 
cultures were carried out from | perwistenee. of the 


the irradiated plate. The lst was 
after the third exposure (just 
after the damage was noted) on 
the Ith Nov., 1936; the 2nd 
after the fifth exposure on the 
“15th Nov., 1996; the Srl after 
the 12th exposure on the Sth 
Dec., 1096; the 4th and the last 
after the Mth exposure on the 
Lith Dec., 1036 (in tube). Smear- 
examination showed that the 
damage caused by irradiation in 
the main plate was partly main- 
tained in the lst generation-sub- 
cultures. Empty hyphae to- 
gether with a large number of 
narrow-hyphae retaining ex- 
tremely narrow clamps and with 
protoplasm broken up into dës- 
connected masses were found 
mixed with a — number of 
healthy hyphae with normal 
clamps and mediate branches, so 
that, unlike T, eingulita, recovery 
in the Ist generation was only 
rtial. A fiir number of narrow, 
filled up —* elongated hyphae 
without clamps was found as in 
tho irradiated main plate. 

(b) Conidia developed in 
small number as in the irradiat- | 
ed plate. 

(c) The number of chlamy- 
dospores always remained a few. 





CHANGES IN THE SECOND SET OF SUB-CULTURES IN TUDES FHOM THK VINST SET 
(Le. IN THE SECOND VEGETATIVE GENERATION) 


(1) In the case of Polystictus loominus in order to find out whether the damage in the 
first generation persisted and also to study the subsequent nature of growth, the last three 
subcultures of the first generation were again sub-cultured in malt-agar tubes on the 
Ist. December, | 1996. These three sub-cultures constitute the second generation, 











8 S. R. BOSE: THE EFFECTS OF RADIATION 
In the vegetative stage In the reproductive stage | Observations | 
— am | — —— ee ÓMPá — 
(a) Hyphae. Fruits appeared in all these The wood-block cultures were | 
Smwepr-examinatioris from three subcultures after seven carried out at à time when the 1 


these tibe-sub-eulturs showed à days which was also the fruiting | damage was folly persisting in 

strong tendency fo reversion to period for the normal ones at | plates. But complete recovery to 4 
the normal In tbe first few the period. These fruite wore the normal condition was noticed | 
smear damaged condition of quite normal with regular pores on the 14th. January, 18937, 
hyphae was only slightly » which showed in section basidia ġe., forty-five days after the wood 
tibie but this damage totally in close cluster bearing sterig- | was inoculated while fruiting 
disappeared — afterwards and | mata and normal » and | occurred in all between (66—72 
compete reversion to the were found intermixed with tra- | days. after the inoculation, wr. 
normal condition war found | mal hyphae bearing clamps but | between 21—27 days after re- 
in this — second — generation. no spores (cvstidia-like bodies) covery was noted, and the 
The damaged hyphae that were Spore-fall wae copious on agnar-  control-culture on  wood-block 
occasionally found, formed woth. plate whence they were transfer- | fruited between I4—36 days, The 
ing but a stage in the conversion red to malt-agar tubes and were | fruits formed were al very - 
of healthy living hyphae into | kept in incubator at 27*C. owing | regular and all shed spores copi- 

dead double-walled hairs as are ty the then low temperature- | ously in agar plates on the next 

found in old normal culture» condition The spores started | duy after insertion, "These 

$4 agen were all with elamps and germinating four days after | spores germinated almost simul. 


* 


with mediate branches arising at tbe. transfer and r fruits | taneously and produced. clamp- 
right angie here and there, appeared after eight days (the | connexions after five days in agar 
brood and like the normal ones normal period) plate. They were not transferred 
with well-developed — clamps | to malt-agar tubes. * 
The broken up or vacuolated The  malt-agar tube sub- 
nature of the protoplasm totally cultures of the second generation 
disappeared. Out of the five were transferred to the third, 
sub-cultures from the main plate, fourth and fifth generations in 
the last three. were eub-cultured tubes In no cose was any 
in wool-block on thirteenth damage found to exist and 
November, 1936. The wood- fruits always occurred within the 


block cultures, therefore, re- normal period, which was ess 
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ON SOME FOLYPORES IN CULTURE 9 

In the vegetative Mage | ln the reproductive stage Observations 
(a) Hyphae, No fruits appeared either in was first noted in 
Damaged nature of hyphae | the second or third generition- | main pite an lith November, 
totally disappeared and smears ; avb-culturcs ns they were all in | 1096, and complete recovery 
ahowed normal hyphae with | tubes (not then fruiting in | was first noted in tubes of 
rlamps and mediate branches tubes). the second — generation. on 
(b) Conidia were not found in twelfth December, 1996, the in- 
any of them or in any subsequent tervening being 31 days. 
generation. Sub-cultures were carried up to 
(c) Chlamydospores devine | the third generation but no 
loped in good numhers. damage wae found to exist 
No transfers were made to wood 





i Recovenr PROM DAMAGE 


In the case of Polystictus leoninus damage was first noted in the plate on Sth October. 
1936, after the first exposure. [t persisted throughout the first generation in plate sub-cultures 
and complete recovery was noted in tube-sub-cultures of the second generation on Ith Decem- 
ber, 1936. The total period was therefore 60 days. In wood-block cultures of the second 
generation the recovery period caloulated from the date of inoculation of the wood was 45 
days. The fruiting period of the main plate and of sub-cultures of P. leoninus is summarised 
below :— 
———— — —— — — — — 

The main plate fruited in the course of 7 days. But no mgular | Controls also fruited on the 
fruit-body or fruiting areas were formed, only basidis developed. | 7th day. 
Sub-cultures Fruiting period 


No regular fruits ( Y lat generation fruited in 5—9 days. | Control fraited in 6—7 days 
formed in (1) | | 


and (2) (2) 2nd generation w ,, 7 days. Control .. onthe 7th day 
| (3) Sed generation s» s 10 days Control ., also on the Ith 
Regular — fruits day. 
formed in (3), (4) 4th generation se I2 days, Control „ — aboon the 12th 
(4) and (5) day. 
(5) Sth tien s s M days Contro, — ab on the ^ 
| gener it 


—— — — — — — — 
Recovery from damage in Trametes cingulata was noticed in the first generation-sub- 
cultures and that in Polyporus ostreiformis in the second generation. 
Resuurs (IT) TY THE CASE OF ONLY TWO EXPOSURES OF VIFTERN MINUTES RACH EN A FORTNIGHT 
Damage in the main plate of Polystictus oninu» 
(1) In the case of Polystictus leoninus two exposures were altogether given, each of 15 


minutes’ duration, The first exposure was given on 2h October, 1936, £e, 5 days after 


inooulation—immediately preceding the usual fruiting date and the second exposure on 5th 
alanis 








10 S R BOSE: THE EFFECTS OF KADIATION 


November, 1036. Ka., 15 days after the first exposure. The irradiated plate together with 
a control was kept in diffuse light. No heating wae noted near the culture even alter 15 
minutes’ exposure. The vegetative hyphae were all healthy and there were no basidia when 
the exposure was first. begun. 





w H Fruiting woe retarded te a No temdeney of the 
After the first exposure dead, much greater extent than in the mat 


to 
empty of empty ex The first of the petridiah 
h ed —* * dh ver ad neither was there any indication 


intervened bolom the ond 15^ were found « 
vegeta, spores Furthermore, the basi 


ue 
— anexos n eer v ep e Ba. 
hyphae were both — appearanor merh smaller 
heal | recente ye parion w a 
y 
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ON SOME POLYPORES IN CULTURE u 


Damage in the mwin plate of Trametes exugulaiu 
(23) in the ease af Trametes cingulate the exposurm was given on Lh November, 1936, 


amii the scond exposure on 20th November, 194% Altogether two erpomires were given = ; 
each of [5 minutes duration. 





lu the vegrtative stage ln the regaeelurtive stage 
Ww) Hyphae No frun formel even in the 


The changes produced in thè control, asit ware non-fruiting 
main plate were the sme as in strain 
the previous. experiment 
mme nature of damaged h 
wee fuwl. The 


it, 

































(3) Damage in the main plate nf Polyporus cetertfiormis . wot 

: | 

d i 
varier November, 18d. 
| The irradiated 
— dis in 

number 

; --—— | 
ud * 
w» days. The 
E ia te 
Une quick — and — normal — living 




















I2 s. R BOSE: THE EFFECTS OF RADIATION 
In the vegetative stage In the reproductive stage Olservations 
remaining ones a good number and a smear-examination: after M 


was found to undergo disintegra. five days showed normal hyphae 
tion. After the second exposure a of  Palyp. ostreiformis — with 
good number of long, uniformly clamps, mediate branches and 
narrow and filled-up hyphae chlamydospores 
without clamps developed, mixed 
with damaged clamped hyphae 
Clamped hyphae» that. 2 
were all damaged in appearance 
and were either extremely nar- 
row or some a» broad as normal 
The number of mediate hranches 
neither increased. nor decreased. 
(^) Conidia, & few in number, 
developed on 2nd — December, 
MES, after the second ex- | 
posue tu T dave after inoculation] | 


mt they never ipeneased. 

(c) Chinmydospores were in 
good numbers in the beginning 
but they diminished in number 
after the second exposure: and 
newer vanished altogether 


—— — — — — — ——— 


CHANGES IX SCDLTORES FROM THE MAIN PLATE (Lf, IX THE FIRST VEGETATIVE GENERATION) 


(1) In the case of Polystictus leoninus altogether three sub-cultures were carried out from 
the main plate. The first sub-culture was after the first 15 minutes’ exposure, the second 
after the second 15 minutes. exposure, and the third 20 days after the second exposure, Of 
these three sub-cultures, the first and the second were in plate while the third was in tube, 





In the vegetative «tage In the reproductive stage | Observations 
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ON SOME POLYPORES IN CULTURE 








In the vegetative stage In the reproductive stage Olbwrveations 1 


greater in number, Mediate | plate on 12th December, 1936. 
branches were always present Spore-fall was scanty on the | 
and conversion of living hyphae | next day from both but « 
into hairs was noticeable to the | did not germinate even a 7 
nume extent as in the main plate. | days. As it was thought that | 
Another feature was that the | germination was checked owing | 
damaged condition of hyphae | to crowding of spores in a | 
was always more pronounced | limited space, spores were trinis 
in the second sub-culture . ferred from both to malt-agar | 
(made after the cond tubes and kept inside the mmi 
exposure) than in the first one, | eubator. (37* C.) owing to low 

, The third sub-culture in tubes, | temperature-conditions at that 
twenty days after the second 15 | time, together: with the agnir- 
minutes’ exposure, was quite | plate containing spores, But | 
unlike the other two in that the | none of the spores germinated. 
damaged condition of the vege- | The spores were not, therefore, 
tative hyphae was only slightly | viable. 
perceptible, Damaged hyphae 
were sometimes found but the 
majority of the hyphae were 
much healthier though still much 
narrower than the nonmal ones. 
Majority were filled up and most- 
ly arranged in parallel rows in 
ears. 

(6) Conidia in the first two 

subcultures were almost none, 
one or two being very rarely 


found, while in the third sub- | 
culture conidia were in fairly 
good number. 


(c) Chlamydospores in the 
first two sub-cultures never dove- 
joped in large numbers and their 
number remained a few through- 
out; a peculiar feature was the 
formation of some cystidia-like ， | 
ehlamydospores. But in the | 
third sub-culture — chlamydos- 
pores developed enormously. 


. 


(2) In the case of Trametes cingulata three sub-cultures from the main plate were carried 
out, the first after the first 15 minutes’ exposure, the second after the second. 15 minutes’ expo- 
gure and the last on the twelfth day after the second exposure. Complete recovery to the 
normal state was noted in all of them, Sub-cultures were carried out up to the third generation 
and in no case damage was found to persist. Damage was noted first on 10th November: 
1936, and recovery on 23rd November, 1936, thus the intervening period was 13 days. Ex- 
posures given daily for 6 minutes are, therefore, more injurious than a single long exposure 
twice in a fortnight. No transfers were made to wood-blocks and fruiting occurred nowhere 
even in the control. 

(3). In the case of Polyporus osireiformis three sub-cultures were carried out from the 
irradiated plate, the first after the first 1% minutes’ exposure, the second after the second 15 

A— onn 
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THE EFFECTS OF RADIATION 


minutes’ exposure and the third and the last nine days after the second exposure, The first 
two sub-oultures were in plates but the last one was in tube and hence no question of fruiting 
can arise in the case of the last sub-culture. But while the last sub-culture showed com plete 
reversion to the normal state, the first and the second sub-cultures showed some differences, 


er 


In the vegetative stage 


ja) Hyphae. 


In the first sub-culture the | 


hypbae were «lightly damaged 
ind majority were healthy, while 
in the scond majority of 
the hyphhe were damaged and 
only à few were healthy 

ih) No eonidia were present 
in the first sub-eulture, bat a few 


conidia could be fami in the ， 


eoond 

i) Chlamsdospores were a 
few m the first s#nb-rulture bat 
were always greater in mimber 
imi the second. 


| 


In tho reproductive stage 


No fruiting occurred. in the 
second sub-culture iie after 2 
minutes exposure) Bat fruit- 
ing occurred in the first sub- 
culture (66, after 15 minutes 
exposure within the normal 
period—nineteen dave after 
ioeulation. The frnit. 
was well-formed showing in 
cross-section pure basidia bear- 
ing sterumiata and spores fully 
agreeing with the normal ones 
in measarement— The fruit was 
inserted in plate on 23rd Decem- 
ber, 1936, and spore-fall occur- 
red within four hours and conti: 
nued for five days The 
germinated quickly inside the 
incubator at 37°C. in normal 
manner and clamps developed 
after five days in agar plate. 


— — 


Observatbons 


"m 


Oniy the inst sub-cultare 
showed complete reversion to the 
normal state 





ÜHANOES IN THE SECOND KET OF SUH-CULTUMES IN TUBES FROM THE FIRST SET lit, IN THE 


SECOND VEGETATIVE GENERATION) 


(1) In the case of Polystictus leoninus na growth became ehecked in both plate and tube- 


sub-cultures, they were transferred on the 2nd December, 1936, to fresh. 
formed the second generation, The damage totally disap 
the normal state took place in the second generation. 


In the vegetative stage 


mt 
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ON SOME POLYPORES IN CULTURE 








In the vegetative stago In the roprecdwetive stage —— Observations 





therefore, took place after thirty- | but their number was scanty in 
three days in all. | comparison with the large nim- 
ber of spores discharged from s 
(b) In mal-augar tubes no | normal fruit However, the 
conidia were produced. as in the | spores all germinated pisa —* | 
case of normal growth, but in | inenbator after four te | 
wood- block cultures à small mum- | whence they were —S to 
ber of conidia was found maltagar tubes. Among the | 
wood. block culture fruit-forma- 
(c) Im both cases (malt-aar | tion. occurred. in. the first — 
tubes and. wood-block culture) a | culture on 10th April, 
fow ehlamydospores were found. | after 120 daya: in the nnd 
vuh-eulture on 214t April, 1937, 
after 131 days ; and in the last 
sub-enlture on 4th February, 
1937, after 55 days. The fruit. 
ing period, when enleulated 
from the date of recovery, was 
ns follows :一 
First. sub-culture 
h 87 days 
Second sub-eultare E 
fiif dava 
Third vub-culiuiv 
| 22 dave 
; Control 14-36 days. 
| The fruits were all well-formed 
| with dye egens ind pares and boe 
inserted: in ager plate, 
| ra was — on the next 
y upon agar plate, «pores ger- 
ted | normal manner and 


clamps developed after five days 


— — — 








(2) In the case of Polyporus ostreiformis though complete recovery was noted in the 
last sub-culture (in. tube) of the first generation, recovery was partial in the first two sub- 
cultures. They were, therefore, again sub-cultured in tubes on Sth December, 1936, and 
complete recovery was noted. But as they were in tubes and not in plates, no fruit 
appeared.  Sub-cultures were carried out up to the third generation in tubes and no damage 
was noticed in any case. No transfers were made to wood-blocks 


RECOVERY FROM DAMAGE 
In the case of Polystictus leoninus damage was first noted in the main plate after the first 
exposure on 21st October, 1936. The damage persisted in plate sub-cultures of the first genera- 
tion. Complete recovery was noted in tube sub-eultures of the second generation on Oth 
December, 1936. The total period was 44 days, The recovery-period in wood-blocks (which 
represent cultures of the second generation) calculated from the date of inoculation of the 


wood was 33 days. Daily five minutes’ exposure is, thus, more injurious than one Jong es- 
posure given twice. Ramsey and Bailey (13) also hold that ^'inereasing the number ol 
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exposures is more effective than increasing the length of exposure," The fruiting period of 
the main plate and of the sub-culture of P. /roninus is summarised below :一 





The main plate fruited in the course of Control fruited in 8 days 
15 days But no regular fruit-body or an 
fruiting areas por any spores were form 
only basidia had appeared 


Sub-cultures Fruiting period 
No Regular fruits ((1) lat generation 0 days Control fruited in 6—7 days 
formed in (1) & (2). 1(2). 2nd generation r d Control ,, 247 dave 
Regular fruits (3) ded generation I0 Control — , 10 dave 
formed in (3) (4) 4th generation 148 Control „u 4 M days * 
(4) & (4) (^) Sth generation Ww. Control „n » 10 days 





Recovery from damage in both Trametes cingulata and Polyporus oatreiformia was noted 
"dn the first generation-subeultures, În Polyporus. ostreiformis damage was first noticed in 
the main plate after the first exposure on lith November, 1936. Complete recovery was 
noted in the third tube-subculture of the first generation on 6th December, 1936, The interval 
therefore, was 25 days, which i quicker than in the previous case, 
Leaving aside fruit-formation in the main plate which occurred after the first exposure 
of 15 minutes at a time when there was no great damage to the hyphae, fruit-formation in - 
the first sub-culture from the main plate deserves notice. This sub-culture was carried out 
when the main plate kad received continuous exposure for 15 minutes and the fruit formed 
was normal in every respect, But the corresponding sub-culture in the previous experiment, 
after three consecutive exposures of 5 minutes each, showed no fruiting. It is, therefore, 
evident that even as far as fruit-formation is concerned (ie. in the reproductive phase), ex- 
posures of 5 minutes’ duration given on three successive days are more injurious than a single — — 
long exposure of equal duration, This is further supported by the fact that in every cast 4 
studied recovery in the vegetative phase was quicker in the case of twice 15 minutes’ exposure —— 
in a fortnight than that of daily 5 minutes’ exposure for 15 days. This statement applies. 
equally well to P. leoninus, T. cingulata or P. ostreiformia, 
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lugapiaTiON Or FRESH rones OF Polystictus leoninus ny CUTRA-NIOLET HAYS (4) FOR T IR 1 
MINUTES (b) TEN MINUTES AND (c) FIVE MINUTES — 
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ON SOME POLYPORES IN CULTURE I7 


(b) Another agar plate containing fresh spores of Polyè. leoninus dropped from an artificial 
fruit on 3rd February, 1937, was similarly irradiated for ten minutes keeping a control plate. 4 
Both the plates were kept inside an incubator at 37°C, The spores in the eontrol plate all 
germinated by the next day while the irradiated spores did not germinate even after eight 
dave, Some of the irradiated spores were transferred to malt-agar plate, but here they also 
did not germinate. 

(c) On 23rd February, 1937, fresh spores of P, leoninus in agar plate were similarly irra- 
diated for five minutes only, keeping a control plate. Both plates were kept as before inside 
the incubator at 37°C, The spores in the control plate all germinated by the next day while 
a good number of irradiated spores germinated only after two days, Ge, on the 25th February. 

1937 ; they were both sub-cultured to malt-agar tubes and were kept in the culture room. 
irowth wis vigorous in the tubes containing normal (non-irradiated) spores. and perfect fruits 

„appeared in the course of seven days while the tubes containing irradiated spores showed 
no sign of progress at all even after sixteen days. 

On the same day fresh spores in an agar plate from an artificial fruit of P. leoninus in à 
tube culture after complete recovery from the effects of radium (fruit. of the third sub-culture 
in the fourth generation from the main plate of. P. leoninus exposed to 120 mg. of radium 
for six days) were irradiated for five minutes only, keeping a control plate. The spores in the 
control plate all germinated by the next day while the irradiated spores germinated two day» 
later. Both were transferred to malt-agar tubes and were kept in the diffused light of the 
culture-room. As in the preceding case growth was vigorous in the tube containing nom. 
irradiated spores, leading to the formation of perfect fruit in the course of seven days 
but the tube containing irradiated spores did not show any trace of growth even 
after sixteen days, Thus, it is seen that spores dropped from a «sporophore of P. leoninws 
in malt-agar tube after complete recovery from treatment with heavy doses of radium reacted 
to ultra-violet rays in the same way as sports from a normal fruitbody in culture. 

Side by wide, the influence of sunlight, incandescent light (150 C, P. bulh) and of heat upon 
cultures of these Polypores was studied, 





INPLUENCE OF SUNLIGHT EXPOSURE FOR TEN DAYS ON CULTURE OF (a) Polystictus leoninus 


A plate culture of P. leoninus inoculated on 25th November, 1056, was exposed to solir 
radiation. The petri-dish containing the culture was placed on a thick glass plate over which 
was placed a bell-jar, the rim of which was sealed to the glass surface with vaseline. It was 
exposed to the direct rays of the sun over a raised horizontal wooden platform. Exposure 
was first given on 28th November, 1930, de., three days after the inoculation and ended on 
oth December, 1936. During this period exposures were given almost daily for 10 day». 
The period of exposure was four hours from 12—4 p.m, The temperature of the surrounding 
air varied from 33) —313*C, Two sub-cultures were carried out, the first after 3 days’ exposure - 
and the second after 6 days’ exposure. 


RESULTS IN THE MAIN PLATE 


The culture medium contracted from the edges of the plate and gradually came to occum 
the centre with increasing evaporation of moisture, it was reduced to a thin sheet and 


presented a dried and hardened appearance. The result produced by sólar radiation was 
5— hoen 
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much more significant than that produced by ultra-violet, X-ray or radium exposures, The 
very first exposure on 28th November, 1036, was sufficient to check the growth of the colony. 
No further growth occurred during the period before the second exposure and growth became 
permanently checked. The tuffy nature of the hyphae became entirely lost and the whole 
hyphal mat presented an adpressed appearance but did not tend to sink down to the bottom. 

With increasing exposures the hyphae became extremely narrow with clamps extremely 
reduced in size. The protoplam became broken up into disconnected masses with a ten- 
dency to break up into oidin, A few conidia developed after the third exposure on 2nd Decem- 
ber, 1936, Le., 4 days after inoculation but they never increased, Furthermore, the number 
of mediate branches became very much reduced. A large number of hyphae became totally 
vlampless and such non-clamped hyphae came into preponderance, Hyphae were also found 
to disintegrate in large numbers No chlamydospores were produced. There were no basidia 


when the culture was first exposed, and no basidia ever developed in the main plate, so that, 


fruiting was entirely suppressed. In other words, the culture ultimately became dead, Hot- 
ngar was poured over the culture on 15th. December, 1936, but there was no revival. 


RESULTS IN THE sU H-CULTUMES (4.5., IN THE FIRST VEGETATIVE GENERATION) 


Two sub-cultures were carried out in malt-agar tubes after the third and sixth exposures 
but no growth was noticed at all either at room temperature or in incubator at 37°C, 


INFLUENCE OF SUNLIGHT-KXPOSURES YOR FIFTEEN DAYS ON CULTURE OF (b) Trametes 
cingulata 


A petridish culture of T. cingulata inoculated on 4th May, 1937, was exposed after six 
tays to direct solar radiation. The plate was almost full when the culture was first exposed, 
Exposures were given for three hours daily for 15 days, the first exposure being given on 10th 
May, 1937, and the last on 26th May, 1937. 

The time of exposure was from 9 at —12 rm. The temperature of the surrounding 
atmosphere varied during thi» period from 345" 一 MG The method of exposure was the - 
same as in the previous experiment, excepting that the sides of the petri-dish were covered - 


by a strip of white paper, and an Erlenmeyer flask containing 4% alum solution was placed - 


over the petri-dish inside the bell-jar. This device eliminated a certain amount of heat and 
the temperature taken by actually inserting à thermometer inside the 4 during ex- 
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(2) Damage to vegetative hyphae was rather insignificant in comparison with the change 
in J^. leoninus,— A good number of dead and empty hyphae was produced, The protoplasm 
of vegetative hyphae became broken up into disconnected chains and a strong. tendency to 
break up into oidis wae noticed at places only. But the majority of the hyphae were 
healthy though a little narrower than the normal ones. | 

(H) The number of conidia slightly increased at first but after the third exposure, they 
rapidly diminished in number as the majority of them were converted into thick-walled 
chlamydospores.— Chlamydospores ultimately preponderated over conidia. 

(4) Mediate branches, in addition to those already present, were found to increase. They 
were not produced from the main hyphae, but were developed as direst prolongations of the 
clamps. They were short in length, without any clamps, and did not present a damaged 
appearance. This i» usually regarded as reduction to the monocaryon stage. as pointed out 
by Brodie (3). No fruit appeared as it was a non-fruiting strain. 


RESULTS IN THE SUB-CULTURES (Le, IN THE FIRST VEGETATIVE GENEMATION) 


Three sub-cultures were taken from the main plate, the first after the second exposure 
on 12th May, 1937, and the second after the seventh exposure on Lith May, 1937, and the 
third after the fifteenth exposure on 27th May, 1937, in malt-agar tubes. Complete moovery 
was noted in all these sub-cultures in the course of four days, conidia developed in large numbers 
and nowhere damage was found to persist. Wood-bloek (Acacia) sub-cultures were taken 
from the main plate and from the second sub-culture of the first generation on 25th. May, 1917. 
The wood-block culture from the main plate represents the finit. generation while that from 
the second sub-culture represents the second generation, The first smear taken from both 
the wood-blocks on 4th June, 1037, ie., seven days after inoculation, showed complete recovery 
to the normal state. Growth was very vigorous in both, No fruiting appeared anywhere 
as it was a non-fruiting strat. 


INFLUENCE OF INCANDESCENT LIGHT (150 C.P. WOLA) 


(A) On culture of Polystictus leoninus 

A petri-dish culture of P. leoninus inoculated on lOth August, 1936, was exposed to 
incandescent light from 15th August (i¢., five days after inoculation) to Sth September, 1 
During this period altogether sixteen exposures were given, each exposure being of 6 to 7 hours’ 
duration. The culture was placed at a distance of 50 em., direetly below the source of illumina- 
tion, The temperature recorded near the culture varied from 40° to 32°C, and this was always 
found to be higher by only one degree than the room temperature. The petri-dish lid was never 
replaced by cellophane so that a portion of the light wae eut off by the glass. Exposures 
were always given in a dark room thus exeluding all chances of outside illumination. 


RESULTS IN THE MAIN PLATE 


The hyphae were all binucleated with, as usual, a good number of mediate branches and 
a few chiamydospores before exposure was begun. There were no conidia and no trace of 


basidia. 


(1) Damage to the veegetatiee hyphuc by such long exposures to strong illumination was 
not much. "The protoplasm of the vegetative hyphae gradually fragmented. A large number 
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of hyphae were devoid of cell contents, lost their clamps and became converted into hairs, 
But this is quite à normal phenomenon and takes place in normal culture as it becomes old. 
No tendency to break up into oidin was noted. No conidia developed and the number of 
chlamydospores was never found to increase. 

(2) Damage to the reproductive stage 

The first appearance of basidis wa» noted in smear only on Isth August, 1036, 
ie. 8 dave after inoculation. while the control fraited perfectly well after 6 days. 
The basidia were all immature, though present in a good number, They were never found 
to be arranged in close cluster, but were always irregularly scattered. They never came 
to matunty and were never found to bear sterigmata or spores. The basidia, however, 
became much affected by radiation. They gradually became much shrunken in appearance, 
decreased in number and totally disappeared: from the culture after the tenth exposure on 
28th August, 16. No fruiting area was formed upon the culture and no porous. surface 
was formed. so that fruiting could not he detected from the appearance of the culture 
as à whole. 

No further sub-cultures or transfers. te wood-blocks were carried out. 


(B) On culture of Polyporus oatreifornivs 
A petri-dish. culture. of P. ostreiformis inoculated on 10th August, 1036, was exposed in 


the same manner to ineandescent light from 15th August, 1036, to Sth September, 1596, - 


The details of the method were the same as in the previous experiment. Altogether sixteen 
exposures were given, exch exposure lasting for 6 to 7 hours. 


RESULTS IN THE MAIN PLATE 


(1) Damage to the vegetative hyphae was slight. The hyphae were all binucleated, broad 
and narrow, with a good number of mediate branches when exposure was first begun, <A 
few chlamydospores were present. This condition continued right up to the end but as the 
culture became old, the number of chlamydospores was found to increase and a good number 
of vegetative hyphne had protoplasm fragmented at places only. Some empty hyphae were 
also produced. But these are normal phenomena and cannot be attributed to the effect of 
strong illumination. | 


(2) Damage to the reproductivy phase was very great. No fruiting ever occurred in the - 


loped in the main plate anywhere and the presence of basidia could not be detecte: ‘aves 
smears. detected 
No further sub-cultures or transfers to wood-blocks were carried out. 
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paed away and the heated half gradually reverted to the normal state within two to three 
days, as revealed on smear-examination. 

Another full-grown plate of 7. cingulata was treated on the same day with X-rays at 150 
K. V, 3 ma, at 30 cm. from the target for fifteen minutes. Half of the plate was exposed 
to X-rays while the other half which served as a control was screened with lead rubber, On 
eomparivon damage was found to be greater with X-ruys than with heat. Barnes (1) ale 
held that X-rays alone were much more effective than inerenses. of temperature. 


Upria-vtóLer axt Soran KapraTIoNs 
Discusion and Conclusion 


Though in all three eases (Palys. leoninus, T. cingulata and. Polyp. ostreiformis) there was 
finally reversion to the normal state within a varying period, it was clear from the foregoing 
results that Increasing the number of exposures was more effective in causing damage both 
to the vegetative and reproductive phases than increasing the length of exposure, as held 
by Ramsey and Bailey (13), In the case of Polyporus ostreiformis the greatest damage to 
the reproductive phase (fruit-formation) was caused by ultra-violet rays of daily five minutes 
exposures for fifteen days with the first vegetative generation-subcultares, where no fruiting 
areas or pores or any basidia were found; whereas in the main plate irregular fruiting areas 
without pores and redimentary basidin without spores were found, This might probably 
be doe to the “ latent period "or to the delay in the appearance of the effects of radiation 
in living organisms. In the case of Polysticima leonina, however, the greatest amount of 
damage to the reproductive phase was caused in the main plate, where no porous surface and 
no erect fruit-body were formed though à few shrunken basidin were irregularly scattered 
without attached spores, In the first vegetative generation-subcultures from the main plate 
exposed to daily radiation of five minutes for fifteen days a porous surface was formed with 
basidia arranged in series. These basidia were without attached «pores and in the final erect 
fruits the pore-tubes were empty. But in the first. vegetative generation-ubeultures from 
the main plate, exposed to only twice fifteen minutes’ exposures in a fortnight, erect fruits 
were formed with regular pores and basidia arranged in series with attached spores, but the 
spore-fall in moist agar plate was scanty and spores were not viable, Normal viable spores 
from normal erect fruit-bodies were found only in the second generation-subcultures where 
complete recovery was noticed. | 

The effect of exposure to direct sunlight minws ultra-violet rays but combined with high 
temperature was much more pronounced than that of ultra-violet, X-rays or radium in both 
the vegetative and reproductive phases, Tho killing effect was evident after the second. ex- 
posune and the cultures ultimately died, they could not be revived in sub-cultures ; thus, the 
fruit formation was permanently checked. In the case of incandescent light (150 c p. bulb), 
however, the damage to the vegetative hyphae was slight though in the repreductive phase 
the fruit-formation was ultimately suppressed. These Polypores are white without any 
pigment. Burkholder (4) has remarked that “where light exerts an action upon growth, 
it i» probably brought about by absorbing substances (pigments) present in plants.” Ex 
posing culture of Trametes cingulata to heat (557C.) for forty minutes some damage was pro- 
duced, which however passed off in the course of two to three day». Dickson (7) could get 
mo aaltation by application of heat, Comparison with X-rays shows that X-rays produce 
o gah 
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greater damage than heat alone, Ultra-violet rays had great. killing effect on freshly shed 
spores or moist agar surface, with decrease of exposure to only five minutes some of the spores 
could germinate but they could not progress further. Stevens (17) also found that an ex. 
posure of ten minutes to ultra-violet rays killed the spores. My experimental results confirm 
the observations of Smith (16) that " the changes in fungi which have been described as due 
to the influence of visible and ultra-violet light have not been heritable, They have been 
in no sense mutations,” 

One common feature of these different modes of treatment was almost universal reduction in 
fertility. sometimes the notion of the external agent was so violent as to cause the death of 
the organism or of the spore, that is, in such cases the damage has been so severe that it ean 
not be repaired. In other cases the damage has been of a temporary nature so that there 
is ultimate reversion to the normal form after a period of growth, Barnes (1) is probably 
night here in holding that treatment with violent external agents may well hasten the slow 
normal changes of a degenerative character, bringing about a general derangement of physio- 
logical balance of the cell, Karl Sax (14) holds that “ heat and age seem to induce the same 
ellects as X-ray treatment.” 


INFLUENCK oF X-RAYS ON ARTIFICIAL CULTURES OF THREE PoLyrones 


Two kinds of X-rays were employed —(1) hard rays from a Coolidge tube of 150 K.V. 
potential with tube-current of 3 milli-amperes, the distanoe from the target being 30 em. and 
(2) soft rays of 50 K.V. and 20 KV. potential with tube-current of 2 milli-amperes and 4—5 a 
milliamperes, the distance from the target being 18 and 10 em. respectively. ^ | 


Day ONE HOUR (NAND) X-RAY EXPOSURE ron 14 pays aT 140 K.V., 3 ma. ON CULTURES oF 
Polystictus leoninus AND Polyporus ostreiformis Im 


Damage in the main plate 


(1) A malt-agar plate of Polys, leoninus inoculated. on 25th. June, 1936, was taken. The 
culture received 14. exposures in all on almost consecutive days. With the excep | 
first four exposures which were given for 30 minutes each, the remaining ten expomures were — | 
each of one hours duration. Exposure was first begun on lat July, 1930, ie, 5 days after — 
inoculation and ended on 28th July, 1036. The petri-dish lid was replacsd -by cell — 
(sterilised with alcohol) during exposure, wy es a 
branches, they were non-conidial without any trace of baxidia, AY e-cultar ec 
ae a control. ian 
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sss EE: 
In the vegetative atapo In the reproductive stage | Observations 





— ——————————" — —— 


the fifth exposure, The changes | trol plate produced perfect | bodies was almost entirely 
aee in the vegetative | fruit on the 7th day after ino | suppressed. 
iyphae were death and destruc. | culation, «o that fruit-formation 
tion, With increasing doses of was delayed by 3 days in the | 
radiation the protoplasm of liv- itradiatod. plate. ‘The basidia 
ing hyphae became more and wt their. first appearaneo were 
more damaged and showed a ull in dense cluster but they did 
very much vacuolated appear. not bear sterigmata or spores ; 
ance or were in disconnected tramal hyphae bearing clamps 
thains with à strong tendency to | but. with no terminal spores 
break up into oidia (6e, oonver- were sometimes foul amongst 
«on to the monocaryon stage) the basidis, Some abortive 
Clamps were destroyed in good — fruitbodies appeared in the main 
many hyphae a numerous plate after 15 days and these; on 
extremely narrow non-«cbunped sectioning severni days after | 
hyphae in addition to mediate they | leen formed, wire | 
branches were produced. But found to consist only of hairs, | 
the number of clamped hyphae not even any pores were | 
(dicaryou ones) preponderated. formed. Hasidia were scarce 
Empty hyphae and hairs were ly visible on smeur-examination, | 
produced in large number. they were few and irregulariy 
(b) A amall number of conidia | scattered and very much «hrun 
appeared at the end on 28th July, | ken. 
936, ie. 34 dass after inocula- 
tion. 
(e) Chamydosporos, which at 
first were few, were found to ine 
erase in large numbers later on. 








(2) A malt-agar plate was inoculated with Polyporus ostreiformis on 25th June, 1990, 
and was exposed to X-rays. The lid of the petri-dish was replaced by cellophane during 
exposure. Exposure was first given on 0th June, 1936, ie, 5 days after inoculation and 
ended on 27th July, 1996, During this period altogether fourteen exposures were given. With 
the exception of the first four exposures which were given for 30 minutes each, all other ex- 
posures were of one hour's duration. The hyphue were all broad with clamps, measuring 
4—f. in breadth, with a good number of mediate branches and chlamydospores, 
they were non-conidial when the exposure was begun. A plate-eulture was kept as a control. 




















DAMAGE 
In the vegetative stage In the reproductive stage | Observations 
No fruiting ever occurred in —— Fruit-formation wae entirely 
| es pron the vegetative | the —3 , though the suppressed, 
hyphae was first noticed after | control plate fruited y 
the third exposure on 37-30, the | well on 17-36. (after 10 days), 
first and the second exposures | A moist spot developed on the 
having no effect. The dale wall of the irradiated plate on 
was slight, the protoplaam | 15-7-36 d es days) but this did 
of ‘lieing hyphae — ha not develop any further and did 





broken up at places only, With | not show any T3 
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In the vegetative stage, In the reproductive stage. Observations. 


— — - — — 





increasing exposures, the damage to porous ares A smear exa: 
became more and more pro. mination from this moist spot 


nounced "N acuolatión went on showed a good number of hyp 
increasing, resulting in the break. hae with swollen elub-shiaped 
ing up of the continuous mass of ends sugestive of midimentary 
protoplasm inte  di»connected — bawdis. 
misses. In many hyphae, the 
protoplasm contracted from the 
ovll-wall and presented n streak- 
ed appearance, showing à ten- 
deney to breaking up into oidia 
A large number of hyphae bè- 
came dead and empty and many . 
such empty hyphae with clamps 
partially or totally empty but 
still attached, could be found 
Narrowing of hyphae wae 
another feature which became 
evident after increasing tapo- - 
sures and broad healthy —— 
totally disappeared 

(6) A few conidia developed 
after the Ith exposure, is., 2s 
days after inoculation. But 
their number never increased, 

(ce) The number of chlamy- 
dospores became more and more 
reduoed till they disappeared en- 
tiely at the end. 





CHANGES IX 5 H-CÜLTURES FROM THE MAIN PLATE (1.6. IX THE FIRST VEGETATIVE GENERATION) 


(1) In the case of Polystictus leoninus altogether six sub-cultures were carried out - n 
the main plate: the fimt after the first X-ray exposure on Ist July, 1936, and the second | 
after the third exposure on 3rd July, 1936, The rest became contaminated and were, there- - 
fore. rejected. The smear-examination of these.two sub-cultures gave almost identical results. 
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In the vegetative stage 








clamps were found in large mim- 
bers and all of them became 
ultimately converted into dead 
double-walled hairs. But always 
camped hyphae preponderated 
over the non-clamped. ones 

(^) Conidia in non-clurnped 


hyphae xem in the first sub. | 
days and in the | 


culture after 27 
second. wob-culture after 25 dass 
in large numbers 

(e) Chlamydospores appeared 
in large numbers in both the first. 
and second aub-outtures 


| hair with neither. sterigmata 
| mor spores ; n fow tramal hyp- 
| hae with only clamps were inter- 


In the reproductive stage 





mixed with them. The basidia 
were of irregular shape and 
appeared very much — shrun: 
ken even at their first appear- 
ance. As the cultures grew 
older, the basidia disintegrated 
and disappeared 


Observations 





(2) In the case of Polyporus ostreiformis altogether five sub-cultures were carried out 
from the main plate; the first after the first exposure, the second after the third exposure, 
the third after the sixth exposure, the fourth after the eighth exposure, and the fifth after the 
fourteenth or the last exposure, All these sub-calturea were in malt-agar plates, 
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In thé vegetative stage 








(a)  Hyphae. 
Al sub-cultures showed the 
damaged character of the vege- 
tative hyphae, but the amount 


of damage was far greater in the | 


last two sub-caltures than in 
others. 

(h) No conidia or any dead 
hyphae were found. 

(e)  Chlamydospores were pre- 
sent in all in fairly good uber. 


Dauak 


In the reproductive stage 





No fruiting occurred. in. any 


plate but hyphae with swollen 
ends suggestive of rudimentary 
 basidia could be found inter- 
mixed with damaged hyphae in 
all plate-cultures. 
| 





(Observations 


As in the main plate the 


reproductive phase was totally 
checked. No moist ever 
developed on the wall of the 


plates 





CHANGES IN THE SECOND SET OF SUN-CULTURES FROM THE FIRST SET (ic. IN THE SECOND 


VEGETATIVE GENERATION) 


(1) In the case of Polystictus leoninus two sub-cultures from the main plate were again 
aub-cultared in plates on Sth August, 1938. 





In the vegetative stage 





(a) Hyphae. 

Very few non-clampod hyphae 
were present and the condition 
of the protoplasm resembled 
normal 


co EAM in good number. 





7—1406H 








Fruit-body appeared in both 


In the reprodnetive stage — | 





Obaervations 





It & thus found that with the 


these subcultures after eight | exception of suppression of spore 


days (6e, ith A , 1936 

and this was the fi 

eei en UNE RAMS 
oothed. arcas regu 

pores Sp cs and a section 

showed à few 


clamps, 


| formation there was definite 


reversion of the vegetative hyp- 
hae to the normal condition, 
and ibly complete reversion 
wo have occurred if the 


basidis inter- plates were again sub-cultured as 
mixed with a fow tramal hyphae | soon ax they were filled up 
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?) In the case of Polyporus ostreiformis, the last two sub- cultures showed a greater amount 
of damage than others, They were again sub- cultured in malt-agar tubes on Ist August, 
1930. A «mearexamination on 4th Augus, 1036, showed complete recovery of damaged 
hyphae to the normal state, Bat no fruit-body appeared in them as they were in tubes and 
not in plates, no fruit-hody having occurred at that time in tubes even in controls. 


RECOVERY FROM DAMAGE 
(1) In the case of Polyatictus leoninus damage appeared in the main plate after the first 
exposure on dst July, 1936, Recovery of the vegetative hyphae was noted in both the sub- 
cultures of the second vegetative generation on. 10th August, 1936, 16, after 30 days, 








Fruit-body appeared Control 
In Main plate in 10 days Fruited in 7 days 
In Sub-cultures : 
(m) Ist generation » I dave " " 


ih) 2nd generation » 5 days " & days 








(2) In the case of Polyporus ostreiformis, damage to the vegetative hyphae occurred 
first after the third exposure. on Ard July, 1036, Recovery of the vegetative hyphae was 
noticed first in tube eub-cultures of the second vegetative generation on 4th August, 1936, 


ie., after 32 days. 
Daity 15 WRITEN  (HARD] X-kAY EXPOSURE FOR SEVEN DAYS AT 150 KV. wrrn THe 
MILLI-AMFERES ON CULTURES OF Polystictus leoninus AND Trametes cingulata &* rimi) 
(1) A malt-agar plate was inoculated with Polyatictus leoninus on 9th June, 1930. The 
culture was exposed to X-rays from a Coolidge tube at 150 K.V. 3 ma. for seven days for PE Soin 
fifteen: minutes on each day. The first exposure was given on 13th June, ie., 4 days after —_— i 


inoculation, and the last, on 22nd June, 1936. The petri-dish lid was replaced as before by 
cellophane sterilised with alcohol. There were no basidia when exposure was begun, the 
Fae waco aah aes pin ae e — 

malt-agar plate 





| e eder slc lation (is 
md | Mh June) wbi ah fa 
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In the vegetative stage | in the reproductive stage | Observations 
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inverted tlask, very few being 
clavate. Thus, ther foit forse 
tion was partially affected, 


| 


lost their clamps and protoplas and. toothed areas were formed 
mie contents and were ultimately in concentre zone half-way 
converted into dead doubles | between the inoculum and the 
walled hairs Non-clamped | edge of the culture, and erect | 
hyphae with protoplasm broken | fruit bodies showing regular 
up into pieees were produced in | pore-tubes. appeared here and 
good number but they were only there on this zone after an | 
stages in the formation of hairs, interval of eleven days from the 
No narrow hyphae were pro | date of inoculation. The m 
ped 





duced. It was found on the tubes showed a well-deve 
Whole that clamped hyphae pre- | hymenium consisting of basidia 


ponderated over the non- with «terigmata and attached 


tlimped ones. This type of 
* chunges was also noticed when 
a normal culture becomes old, 





immature spores, mixed with a | 
number of cystidia and tramal | 


hyphae bearing clamps but no - 


thus the damage produced was | terminal pores. 
not very significant. 
(h No conidia were pro- | 
duced, 
ie) A few  chlamydospores 
appeared after the Inst. exposure | 
but their number never in- 
creases), 





DAMAGE IN SUBCULTURES 


A sub-culture was carried out in plate after the fifth exposure on 19th June, 1936. Smear- 
examinations from this sub-culture were identical in all respects to those from the main plate. 
Fruit-formation occurred after 10 days and was delayed by three days in comparison with the 
control. Pore-tubes were well-developed but they were all empty, showing no trace of basidia 
or other organs and filled with dead tramal hyphae, The elects of radiation are, therefore, 
clearly evident in the sub-culture, though not to the same degree in the main plate, as there 
was total suppression of the development of reproductive organs. 

On Sth June, 1936, a wood-block (mango-wood) sub-culture was carried out; growth 
on this wood-block culture was fair but it did not ultimately produce any fruit-body. 

(2) A malt-agar plate was inoculated with Trametes cingulate on Oth June, 1936, and 
was exposed ín the same manner to X-rays at 150 K.V., i} ma. at 20 em. from the target for 
seven days for fifteen minutes on each day, Exposure was first given on Lith June, 1046, 
ie., 4 days after inoculation and ended on 20th June, 19:36. 


DAMAGE IN THE MAIN PLATE 


The only effect produced was that living hyphae became dead and empty of cell-contents 
in large number, Such dead hyphae increased with increasing doses of X-rays. Living 
hyphae were all with clamps and with numerous mediate branches. Conidia became ener- 
mous with a good number of chlamydospotes.. 
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ReOOvVERY FROM DAMAGE IN SUB-CULTURES 

Three sub-cultures were taken, riz., after the fist, third, and the seventh exposures. They 
showed no dead or damaged hyphae and were absolutely like the normal in every respect, 

A mycelial transfer was mace to sterilised wood-block (mango-woed) on 2rd June, 1934. 
Growth was rather stunted and checked. at first. but later on the wood became completely 
covered up. No fnut-formation ocearmed in the wood-block, in the irradiated plate or in any 
sub-culture. 

The effect of X-ray exposure for only fifteen minutes on culture of Trametes cingulate at 
150 K.V. with $ m.a. at 30 em. distance from the target was studied. A malt-agar plate was 
inoculated: with Trametes cingulate on 30th May, 1936, It was exposed to X-rays from a 
Coolidge tube only once on 6th June, 1936 (when the plate was full), iLe., 7 days after inocula- 
tion, for a penod of fifteen minutes only. The petri-dish lid was replaced by cellophane during 


exposure. The hyphae were all with clamps and with numerous mediate branches and conidia, 


at the time of exposure and the culture showed distinct zonation, There were no chlamy- 
dosperes 

The only effect. produced by fifteen minutes’ radiation was that a number of hyphae became 
dead and many were damaged and lost clamps. Chlamydospores developed later on as in the 
normal  Smear-examination from the zoned area showed numerous conidia and mediate 
branches while that from non-zoned anes showed less conidia and les mediate branches. 
These features are also present in a normal calture showing zonation. t 

A mycelial transfer was made to sterilised wood-block (mango-wood) on Lith June, 1930. 
Moderately good growth was produced and smear-examination showed normal type of hyphae 
with numerous mediate branches, conidia and a few chlamydospores. No fruit-hody 
appeared either in the irradiated plate or on the wood-block. 


DAILY OXE-HOWR X-RAY (SUPT) EXPOSURE UPON Polyatiehus leoninus FOR SIX DAYS AT 50 K.V 
WITH 2 mi. 


A malt-agar plate-culture of Polys, leoninus inoculated on 13th November, 1936, was 
exposed to X-rays The first exposure was given on 16th November, i.e. 3 days after i ney 
tion, und the last on 26th November, 1936. Altogether six exposures were given within 
this period and each exposure was of one hour's duration. The petri-dish lid was, as usual, 
replaced by cellophane. The potential and tube-current employed in this ease were 50 K-V, 
and 2 m.a. respectively and the distance of the plate-culture from the target was 18 em, The 
hyphae at the start were all broad, with clamps and with a good number of mediate branches, 
There were no conidia, but a few chlamydospores were present and there was no trace of basidia 
when exposure was first. begun. Atben piece ji ih SE 
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上 





In the vegetative stii 


second exposure on. [sth Novem. 
ber, MEM the first exposure 
having no effect. Hyphae be- 
came a little narrower tlian the 
normal and their protoplasmic 
continuity became broken up 
at places ps With inereasing 
doses of radiation many more 
hyphae became more and more 
damaged and narrow. Vacuo- 
lation increased and the whole 
rotoplasmie mas of tiring hyp- 
we became broken up into dis- 
connected chains. Some ex- 
tremely narrow damaged hyphae 
without any clamps were pro- 
duced. But their number al. 
ways remained fewer and clamp- 
ed hyphae, whether broad or 
narrow, always preponderated 
over non-clumped ones, Ag 

number of empty hyphae were 
produced and these became 
double-walled and were niti- 


mately converted into hairs which. 


increased in immense number. 
(b) A few conidia were pro- 

duced after an 

Tr ee days after inocula- 


interval of 


| 


(o) Chlamydospores entirely 


disappeared. 


f 


ln the reproductive stigo 


appeared after seven days, 
The control plate also fruited 
at the same time, Bot con: 
trasted with the control, fruit- 
ing was very much affected, no 
regular erect fruits. deve- 
Sua 

yellow 


on the 
patches over the culture and 
were not aggregated to form a 
complete circular zone round 
the inoculum, | Smear-examina- 
tion from these fruiting areas 
showed an immense number of 
dead hairs amongst which were 
found a few basidia. The basi- 
dia were much smaller in sine 
than those of the normal, were 


much shrunken in appearance ， 


and irregular in shape and were 
never in chose cluster but ir. 
regularly scattered, and they 
were never found with sterig- 
mata or attached spores. 


No fruit-body was inserted 
in agar plate for 
às no regular fruit 





CHANGES IN THE FIRST VEGETATIVE GENERATION-SUB-CULTURES 


Altogether five sub-cultures were carried out from the irradiated plate, the first after the 
firat exposure, the second after the second exposure, the third after the third exposure, the 
fourth after the fourth and the last exposure, and the fifth, 7 days after the last exposure. Tie 
firat four sub-cultures were in plates while the last one was in tube, 





In the vegetative stage 


(a) Hyphae. 
While the first and the second 
eub-cultures showed hyphas 


which were all extremely narrow | pe 


4 


[ 


In the reproductive stage 





Fruit body appeared in all 


n 
after eight days whieh falls 
almost within normal 


riod. The fruit-bodies were | 


Observations 


- 


In general, the damage caused 
in the main plate by radiation 
was found to persist in all 
but the degree of damage pie- 


compa with the all very regular in appearance, | sent varied. to a — considerable 
—— weal — sh > well-formed aas | extent in each sub-culture. The 


in mizo wherever presvnt, and with and a fruit from eae 


of such hyphae 


an abundance 
rendered clair by radiation 





8—1400H. 





ture was inserted in agar 
on With December, 1006. 


sub-ceul- | Hrast and the second. sub-culturcs 
plate howel damage to the «ame 
No extent as that 


of the main 
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In the vegetative stage 


and with protoplasmn. invariably 
broken up in’ disconnected 
chains, the third and the fourth 


sub«eultures showed hyphae of | from the 


diac nature. together with tbe 


In the reproductive stage 


| spore-fall occurred from the 


fruit» of the first. four sub-eul- 
tures but x were discharged 
it of the fifth sub. 
culture twice on. 17th. Drow. 


vphne almost resembling the ber, 1936, and 15th December, 


normal condition in about equal 
number: the fifth s«ub-culture 
showed an overwhelming 
deranoe of normal hyphae 


(^) Conlin whose presence 
im à non-comedial strain like P 


leoninus is always associated with | 
damage, appeared in all the sub- | 
Probably, the few haxidia that 


cultures within 6 to 8 days after 
inoculation. 


came a few only in the third and 
the fourth sub-cultures. The fifth 
eub-cultures whose condition was 


almost similar to the normal, had | 
almow no conidia but a fow | 


chlam ydospores. 


ic) No chlamyd were | 
found in the first Da | 
The tube was brought to light 
| and a small yellow patch on the 


tures, a few chlam xs Wem 
present in the fifth. »ub-culture 


propor- | 


Their number was | 
appreciably great in the first and | 
the = subcnltures but be. | 


interval of nine dave from the 


| 1098, though very scanty each 


time Sections were taken from 
all and it was found that while 
the fruits of the first four sub- 
cultures had poretubes filled 
only with dead tramal hyphae, 
that of the Inet had à few pies - 
tramal hyphae provided 

clamps bat no terminal spores. 
















shed «pores had all been con- 
verted into tramal hyphae by 
the time the fruit of the last 
sub-culture had been sectioned, 
The spores were transferred to 
a malt-ngar tube and kept in- 
ede an dneubator at 37*C. 
Germination oeerrred after an 


date of transfer and clamps 
developed after elven daya. 


top of the plant mapas n 
normal sporophore developed 
after sixteen days. 






Olbwrvations 


plate, the third and the fourth 
sub-eultures. showed. damage to 
a far lesser extent, while the 
am — — Pies 

t damage when oom 
with the normal. 






RESULTS IN THE SECOND VEGETATIVE GCENERATION-SUB-CULTUÜRES 


The five sub-cultures of the first generation were transferred to fresh malt agar tube the 
tirat and the second on 2nd December, 1936, and the rest on Sth December, 1936. :: 
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ON SOME POLYPORES IN CULTURE i . 
__ —— ——— —— — "— 
In the vegetative stage In the reproductive stage Observations 

iine — ee a +. 


(h) Awmall number of conidia | to son (defect in the made of 
developed in all but their number | insertion) but epore-fall was 
Hever increnusesd | obtained from all others on 2304 
(c) Chlamydospores developed | December, 1/10. and continued 
m all and they increased to à | for. two days, though very | b 
good number jater an. santy on each day, Sections - * 
showed that the poretubes con. i 
tained basidis mixed with a 
few tramal hyphae bearing 
clamps but no terminal spores. ; 
Hut no attached basidiospores : 
were fogad, The hasidia were l 
: all of normal size and nenaeured | 
?6x10,. Sportex. from each | 
of the four fruit bodies were 
then transferred to malt-agar 
| tubes and kept imide an ines. 
| lator at 37°C. owing to the low 
| temperature-condition of the 
time. The spores germinated 
after five dav» and imperfect 
| fruit-hodies appeared after 
| twelve. days (owing to being | 
kept in the dark). | 

















FURTHER <n LEE 


Mycelia from the above five tubes of the second. vegetative generation were sub-cultured 
in malt-agar tubes up to the fifth generation but in no ease was damage found to persist. Fruit- 
body appeared in every generation within the normal period and perfect and regular fruit 
bodies were produced. The fruit-bodies were employed for various purposes when fresh 
spores were required, and in every case copious spore-fall was obtained from the fruit-body of 
each tube, In every generation chlamydospores were totally absent when the culture was 
young and ultimately became numerous when the culture turned old. Conidia developed 
in very small number in every generation. They never increased in number and persisted 
rizht up to the end. 

GROWTH IN WOOK RLOCKS 


inocula from the main plate as well as from the first two sub-cultures of the first generation. 
which showed the greatest amount of dumage, were transferred to sterilised wood-blocks 
mango wood on 30th November, 1930. Growth was moderately good in all. The wood-block 
inoculated from the main plate showed recovery on 22nd February, 1997, iz., after 85 days, 
those inoculated from the two subcultures showed recovery after 50 days on | sth 
January, 1937. Fruit-body appeared in the wood-block sub-culture from the main plate 
on 1th April, 1937, £e, 104 days after inoculation and 19 days after recovery, while 
fruit-bodies in the other two wood-bloeks occurred on Sth Mareh. 1937, lo as days 
after inoculation and 18 days after recovery. — Control-wood, inoculated in April, fruited 
after 14 days. A small part of the «porophore from each of the three wood-blocks wie 








42 S. R. BOSE : THE EFFECTS OF RADIATION 
taken and inserted in agar plates on 16tbh April, 1937. Spore-fall occurred from each 
of the two fruit-bodies of the wood-block sub-cultures from two first generation sub-cultures, 


though it was rather scanty, Spores germinated quickly inside a moist bell-jar, But the 
fruit-body from the wood-block sub-culture from the main plate did not shed any spores, though 
n section showed that the poretubes were densely lined with basidia measuring 26—30 X LUN 
mixed with a good number of tramal hyphae bearing clamps only, No sterigmata or attached 


spores were found. 
RECOVERY PROM DAMAGE 
Damage appeared in the main plate of Polysticlus Ironinus after the second exposure on 
ISth November, 1936, and recovery of vegetative hyphae was noted in tube sub-cultures of 
the second vegetative generation on Ath December, 1936, The total period caleulated. from 
the date of damage was therefore 22. dave. 

















Fruiting period of Control fruited in 
(a) The Main plate 3 days | 7 days 
人 Sub-cultures — | 
(1) lst generation S days 6.8 days 
(2) 2nd generation 7 day» 7 days 
(D. 3nd generation I0 days 10 dava 
($) 4th generation Hl days 1) days winter 
(5) Sth generation 10 days 10 days months 
Farrri*G PERDOD DN WOOD-RLOCKS 
Sub-culture from the main 
* lst who 
p 2nd sa 


A maltagar plate-culture of Poltys. leoninus inoculated on Sth F 
posed to X-rays on Lith February, ii ra — 
e ME T ME Tie peti waa only 





—* ap zie " ja 
a Ur a " 
"^ ya [5 a aides G sab yh c t) 

AX A4» 名 - 


m "s 


+ | 


It ' 4 4 € | 
f om fi I" | 
Re — — "P 
m er 








16 nocns' (sort) X-nay eon pos Papi lina aT 30 KY, imas * 


-— UT OT 








ON SOME POLYPORES IN CULTURE 


The distance of the culture from the target was kept at 10 cm. Exposures were 
given for five hours on lith February, 1937, five hours on 12th. February, and for «ix hours 
on ith February, 1937, so that the total period of exposure wa» sixteen hours. 

As the rays. affected only a amall ares round the inoculum, two sub-cultures were canned 
out in. petri-dishes, immediately after the third day's exposure—one of these was from the 
irradiated region and the other from the non-irradiated region near the margin of the ex- 
posed plate. Another sub-culture was taken in malt-agar tube from the irradiated region 
six days after the last exposure. The irradiated plate and the sub-eultures were all kept 
inthe diffused light of the room - 


oculum 


DAMAGE US THE MAIN FLATE 




















In the vegetative stage : In the reproductive stage 

(æ) Hyphae Fruit-body appeared in the — The that wae pro- 

Smears were taken from both | main plate after thirteen days — duced wr exposures of 
the irradiated and non-irradiated the control fruited after total sixteen hours duration 
regions of the culture, While | nine days. Excepting a delay wee almost insignificant and in- 
smears from the non-irradiated | of four days in the fru distinguishable from the norma! 
region were absolutely like those | period no other effect. was pro- state 
from the normal, amearexami- | duced. 5 re appeared 
nation from the irradiated region | normally in à cireular sont 
showed liyphae with protoplasm | round the inoculum and regular 
slightly damaged and broken up pores wore formed. — Smear. 


at pus only and with clamps a 
little wmaller than those in the 
normal. 

(b) Conidia developed eight 
days after inoculation and were 
found when the culture was first 
examined after the third ex- | 
posure, But conidia were al- | 
ways a few in number and were | 
restricted only to the irradiated 
P Ch ydospores develop- 

(c) nma eve 
ed eight days after inoculation 
and were found when the culture 
was first gea sine d yen; 
exposure ; su ntly, y- 

—— increased. in large num. 
ber and were found throughout 
the culture, | 


rr 
RESULTS IN THE SUB-CULTURES 


The two sub-cultures after the last exposure from the irradiated and non-irradiated portion 
in malt-agar plates fruited after twelve days, while the sub-culture in à malt-agar tube after 
an interval of six days from the last exposure fruited after nine days, Fruiting was, there- 
fore, delayed by three days in the first two sub-cultures but occurred. within the normal period 
in the case of the third sub-culture, On smear-examination, however, they were all found 
to be absolutely normal in the vegetative character of the hyphae and no damage was found 

v— ipah 
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in any of them, — Frait-bodies were very regular in all of them, showing basidia with attached 
spores, tramal hyphae, etc. Thus, except a retardation of three days in the appearance 
of fruit-bodies in the first two kub-eultures, no other effect was produced, 


[RRADIATION OF SPORES HY SOFT N-RAYS 


Fresh spore-fall from à normal fruit-body of Polystictus leonimus in. the tube was obtained 
on two agar plates on Lith March, 1937. One plate was immediately exposed to soft X-rays 
at 50 K.V., 2 ma. from a Coolidge tube at a distance of 30 em, from the target. Exposure 
was given for fifteen minutes and the petri-dish lid was replaced by a sterilised cellophane during 
the exposure. Immediately after the exposure the irradiated plate as well as the other plate, 
which was kept as a control, were both kept inside an incubator at 37°C, 

On. 17th March, 19537, it was found that with the exception of a few spores all the irradiated , 
spores had germinated. The control spores also germinated on 17th March, 1937. Sub- 
eultunes were at once carried out in malt-agar tubes both from the control and irradiated 
spores, The tubes were kept inside an incubator (in the dark), No growth occurred in any 
tube within five days, but on 25nd March, 1937, further growth was noticed in all tubes con- 
taining irradiated as well aw non-irradiated spores. Initiation of fruiting occurred in all tubes 
after seven days, but it took seven days more to develop tiny fruit-bodies showing regular 
pores as all the tubes were kept in the dark. Hyphae of sub-culturea obtained from X-rayed 
spores were similar in all respecte to the normal ones, and no damaged hyphae were noticed. 
Two such fruit-bodies from irradiated spore-sub-cultures together with two control fruits were 
inserted in agar plates on 9th. April, 1057. Copious spore-fall occurrred. from all the fruit- 
bodies within a few hours of insertion and continued for two days. Transfers of spores were 
again made to malt-agar tubes on 11th April, 1937, and fruiting occurred. in all the tubes 
within seven days. This time the tubes were kept in light. Sections showed prepon: 
derance of basidia in almost every pore-tube, bearing sterigmata and attached spores, 


mixed with a few tramal hyphae bearing clamps but no terminal spores, The bisidin A 
were  26—30x10—12, and spores were hyaline, cylindrical and 10—12x5—6,, This 
agrees exactly with the normal in measurements. f 

X-Rays | - 4 







Discussion and conclusion ES 


The only work on effects of X-rays on Polypores so far attempted, T think, js that of 
von (7). He irradiated young cultures of Trametes serialis and Merulius la ne X 
dishes but could not get any positive result, the only change noticed was a s | ) 
growth rate due to the heating effect during irradiation. In the present case als only negativ 
— inei m mem iot a ri mea 
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heavy doses totally suppressed sporophore-formation though conidia and chlamydospores 
(asexual spores) remained almost unaffected. Nadson and Philippov (loc. cit.) could destroy 
the formation of sexual organs (zygotes) of Mucor by strong doses of X-rays but they could 
never prevent the formation of asexual sporangia, Smith (16) also holds that " fungi are 
rather insensitive to X-rays but large doses produce killing effects." Killing effecta are caused 
probably by toxic substances in the cytoplasm of cells exposed to the action of X-rays. In 
connexion with his study of disintegration of chromosomes at the first meiotic division in 
three species of Orthoptera by application of X-rays. White (18) holds that their complete 
disintegration results from the destructive action of a substance produced or liberated in the 
cytoplasm as & result of irradiation. 


EFFECTS OF RADICM-RADIATION ON ARTIFICIAL CULTURES OF THREE Polypores (Polystictus 
leoninus, Trametes cingulata. axo Polyporus ostreiformis) 


As in the case of X-rays both small and heavy doses were tried—35 mg. mdium in the case 
of light dose and 120 mg. radium as heavy dose. The radium used was in the form of radium 
sulphate enclosed within small platinum capsules (1 mim. thick, which transmit mostly y- 
rays. In each ease the radium was placed on the upper surface of the lid of the eulture-dish 
at the centre, In a malt-agar plate irradiated with 15 mg. radium for half a minute and then 
inoculated. with Polyporus zonalis and Trametes cingulata it was found that the growth was 
normal as in a non-irmdiated. plate. 


Ligny DOSE oy 5 Me. RADIUM 


(1) Two imalt-agar plate-cultures of Polystictua leoninus moculated on 21st July, 1936, 
were exposed to 5 mg. radium rays for one minute and half a minute on 24th July, ie, three 
days after inoculation. Subsequent smear-examination showed no damage to the vegetative 
hyphae and fruiting areas were formed in both the plates one day earlier than that in the 
control plate, Excepting a slight hastening of the reproductive period, the effect of such 
short exposures cannot be regarded as exerting any stimulating influence. Sub-cultures 
were carried out up to the second vegetative generation, the growth was found to be per- 
fectly normal and fruit-formation was regular as in the normal cultures. 

(2) A malt-agar plate-culture of Trametes cingulata was subjected to 5 mg. radium rays 
for one minute on the eighth day from the inceulation-date when the plate was completely 
full and showed distinct zonation in the culture. Hyphae were with clamps and with à number 
of short mediate branches; it was a conidial strain full of conidia, such highly conidial strains 
usually do not form fructifying areas, The plate was microscopically examined every day 
for more than a fortnight, but during the period absolutely no change was found, Sub- 
sequent sub-culture on sterilised wood-hlock showed normal vigorous hyphae with a number 
of conidia and chlamydospores. 

(3) Another similar plate-culture of Trametes cingulata was similarly exposed to 5 mg. 
radium rays for five minutes. A good number of hyphae became damaged by radiation, the 
protoplasm of such hyphae became broken up into disconnected chains of oidin and many 
beenamne altogether empty. and there was a great increase in the number of conidin and 
chlamydospores. But subsequent transfers to — sterilised wood-blocks showed almost 
complete recovery in the course of about three months. 
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(4) A half-grown malt-agar plate-culture of Trametes cingulate inoculated on Lith June. 
1936, was exposed to 5 mg. radium rays for six hour» on 17th June, 1936, ie., four days after 4 
inoculation. Smears were examined at every hour and a sub-culture was taken at the end. 4 
of each hour of exposure. 


KkstCUTS IN THE MAIN PLATE 


The culture was all with clamped hyphae and with a large number of mediate branches, 
à few conidia and no chlamydospores were noticed before the exposure was begun. During 
the continuance of exposure a few dead and empty hyphae were produced and there was a 
progressive increase in the number of conidia at the end of each hour. No chlamydospores 
were produced. Smear-examination on the next day, ie. 18th June, 1936, showed the presence 
of quite a good number of dead and empty hyphae, The protoplasm of living hyphae became , 
broken up into fragments at many places and presented a damaged appearance. A slight 
increase in the number of mediate branches was noted. Conidia increased in large number 
and a good number of chlimydospores wax produced, 


RESULTS IN THE PLATE SUB-CULTURES 


Altogether six sub-cultures were carried out on the 17th June, 1936, one at the end of 
each hour's exposure. Complete recovery to the normal «tate occurred in all the sub-cultures 
on the 23rd June, 1936. | 

A transfer was made to sterilised wood-block (mange) on 23rd June, 1936. Smear- 
examination after à. month showed a preponderance of conidia over chlamydospores. The 
majority of the hyphae were as broad as normal hyphae and were in the living condition, 
but a few dead hyphae aleo were present. 

(5) A malt-agar plate-culture of Polystictus leoninus aluo was similarly exposed to 5 mg. 
radium rays for six hours continually on 17th June, 1936, after an interval of four days from. 
the inoculation-date. As in the case of Trametes cingulata smears were examined at every | 
hour and a sub-culture was taken at the end of each hour of exposure. 


RESULTS DN THE MAIN PLATE 
During the continuance of exposure no damage was caused to the 


conidia were produced, and chlamydospores which were a few before the exposure, ren 
the same. Subsequent examination of the irradiated plate did not show any damag 
to the hyphae, only the ehlamydospores in it there was never 
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ON SOME POLY PORES IN CULTURE 3 


Heavy pose or 120 mo. Rani 


(1) A malt-agar  plate-calture of Polysticfus. leoninus inoculated on 25th June, 19030, 
was exposed after four days, ie, on 29th June, 1936, for 45 hours continually to 120 mg. of 
radium. The petri«dish containing the culture was kept inverted during the exposure and the 
radium was placed upon the upper surface of the bottom part of the petri-dish. The hyphae 
were all with clamps and with a good number of mediate branches. The culture was absolute- 
iy voung, showing to conidia or ehlaumydospores or hairs and there wae no trace of basidin 
when the exposure was begun. A separate plate-culture was kept as a control Sub-cultures 
from the main plate were taken after the removal of the radium (after 45 hours), 


DastaGk IN THE MAIN PLAYE 





In the vegetative stage In the reproductive stage Observations 
—  — TT 
(a) Hyphne. | Baxiclio first ^ ARCA in the The resulte. of irradiation in 
Damage to the vegetative hyp: | main plate on Oth July, 1005, the main plate are therefore in 


hae became evident on the very | ie, 10 days after inoculation the direction. of suppression of 
first amear-examination on the | while the control fruited per- spore-formation, delayed and im- 
tnd July, 1996, The protoplasm | feetly well after seven days. perfect development. of fruit. 
of living hyphae became much | Fruit-formation was chante ex and sd. ges: conversion 
vaenalated and broken wp into | terised by the appearanoe of of healthy thamped hyphae 
fragmenta, As the enlture be- | toothed areas round the peris into mon«elamped damaged. ones, 
came old, these damaged hyphae | phery of the culture. Smears 
gradually increased in number this area showed basidis in 
and healthy hyphae almost dis | large number for the first few 
appeared. The protoplasm be. | days. But these basidia never 
came more and more vacuolated | came to maturity. They 
and ultimately broke up into dis- were never found to bear any 
connected chains with a strong | sterigmata or spores, were very 
tendency to break up into oidia. | much shrunken on the first ap- 
Many of these hyphae altogether | pearanee and were either ir. 
lost their cell contents and | regularly scattered or sparsely 
clamps, and were altimately con. clustered. A few living tramal 
verted. into dead and double- hyphae could occasionally be 
walled hairs. Furthermore, the found but no clamps or terminal 
damaged hyphae became much spores were found in thes. An 
narrower than the normal ones, | erect fruit showing regalar pores 
clamps became extremely re- | developed, however, on the onl- 
ture on Ph July, 1936, ie., 
presented: à very mu after fifteen. days, bat on seo- 
appearance. But the number of | tioning it was found that the 
— hyphae always . | pore-tubes were filled only with 
derated over the non nd dead tramal hyphae and there 
damaged hyphae, The number | was no trawe of any living ele- 
of dead hairs and empty hyphae | ment. The busidia that were 
gradually increased. found in smears for the first. few 

(b) nnd (e) Conidia and Chla: | days gradually disintegrated 


"m later (n 
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hlamydospores — was — always 
greater than that of the conidin. 
Im 一 th 








35 s. R. BOSE - THE EFFECTS OF RADIATION 
DAMAGE IN THE SUP-CULTURES (r.c, FIRST VEGETATIVE GENERATION) 


Two sub-cultures were carried out from the main plate, the first on 6th July, 1936, 1., 
5 days after the removal of radium. and the second on Sth duly, ie, 7 days after its 








removal, 
In the vegetative stage R | În the reproductive stage Observations 1 
(9) Hyphae Fruiting areas as noted by the | No further transfers were made 


— enüsed in the main | first appearance of basidia, ap. | to any wood-bhock and the 
plite by radiation was fully | dh the first sub-culture on , recovery. process could not be 
—— to the smb«oultures | as 

w vegetative hyphae were all | after inoculation in | | 
extremely narrower than the nor- | second pipa ith th July cultures in the first generation. 
mal ones with protoplasm broken | H8, ie., seven ys 
up into disconnected chains of | weulation The Beni — 
oidis. Healthy hyphae wer alto | the. control at that 
gether absent. A large number of | seven days 


4th July, MO, we, eight gs studied owing to accidental con- , 


such hyplae became non-clamp- 
ed, emptied of all cell-contunts 
and were converted into hairs 


Toothed 
| developed round the periphery | 


of the cultures and «moar 
mination from these areas —— 


Cla became extremely 7 | mination from these ber of basidia 
duced in size and the number of | irregularly scattered and not in 
such dam hyphae with ex- | à cluster, Basidia were much 
tremely reduced clamps were al- | shrunken in appearance and — 
most equal to those which be- without any sterigmata or 





came non-clamped. spores Ereet fruit-bodies - 
(b) Conidia developed in | developed in both the plates, 
«mall number eie ins but on not . 


* . "US : 
h PM | yu Qu « 
Vas ates 
n i Ww da 
-  . ART, = 


(2) A maltagar plate-culture of Polyporus osireiformia inocula 

me ae moe 29th June, 1928, i.e., four days afu A) 

qu ced upon the upper gla of the lid of the 

A after 48 iours on Jat Ju — —— " — 
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ON SOME POLYPORES IN CULTURE 


一 


In the vegetative stage 





fo) Hyphae 


Damage to the vegetative | 


hyphae was not very great 
The first sion of damage was 
noted on Oth July, IAW, £e, 
five days after removal of the 
radium The protoplasm 
some hyphae showed an increas- 
oed vacuolation and became 
streaked in appearance or were 
broken np at places only 

A fow dead and empty hyphae 
without any — clamps were 
produced and these increased. to 


of : 


a good number later on. Except- | 


ing these changes no other effect 
was noticed in the vegetative 
phase 


normal clamps and mediate 


branches were always present 


in large number, and compared 
with these, the number of dead 
or damaged hyphae was insigni- 
ficant. No narrowing of hyphae 
was notion, 


(b). The main plate was exa- | 


mined for nearly two months but 
during this period no conidia had 


developed, nor was there any | 


tendenev of living hyphae to 
broak up into oidis. 

(e) 
d decreased a Little as the 
pec ig este old and many 
"sce ehlamydospores could be 
bund. 


he number of chlamy- | 


Healthy hyphae with | 





DAMAGE IN THE MAIN PLATE 


In the reproductive «tage 





The reproductive phase, how- 
ever, showed xv bate 
damage. Fruiting areas sp- 
peared in the main plate on 
25th July, 1036, i, after an 
interval of thirty days while 
the control. fructifind after 
twenty-one days. A moist spot 
developed at one spot near the 








periphery of the main plate and — 


in the course of four to five days 
it assumed a wellow colour, 
But no porous area was formed. 
A smear-examination. from this 
condensed yellow area showed 
the presence of a good number 
of basidia which were all rudi- 
mentary and without any sterig- 
mata or pores mixed with 

uite a good number of ehlamy:- 

ospores of varied shape and 
dimension, 





RESULTS IN THE SUB-CULTURES (i.6., THE FIRST VEGETATIVE GENERATION) 

Two sub-cultures were taken from the main plate—the first on 6th July, 1936, Le., five days 
after the removal of the radium and immediately after à damage was noticed in the main plate, 
and the second on Sth July, 1936, £e, two days after the first sub-culture. These two sub- 
cultures, therefore, represent tho first vegetative generation. 





In the vegetative stage 


In the reproductive stage 


— — — — — 





Recovery was also. noted ín | 


tive phase. Moist 
developed on the wall of 


the 
T plites in both the sub-cul. 





Observations 


— 


It should be noted that growth 
in the main plate stopped as 
soon as the hyphae reached the 
marvin of the medium in. the 
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In the vegetative stage In the reproductive stage | Observations 





was noticed for the first few days | tures on 298h July, 1096, and on petri-dixh. But in the sub-cul 
in both the sub-cultures, Bot | Stet July, 19396, eet porous | tures growth was more vigorous. 
later on, the damage totally dis- | areas were formed, so that fruc- | The hyphae not only ascended 
appeared and à smear-examina- tification appeared in the first the walls of the plates but they 
tion on 28rd July, LAM, showed sub-culture after twenty-five could also overgrow the edges 
complete recovery. of the vege- | days and in the second sub. of the potrialishen. 
tative hyphae to the normal | culture after twenty-three days. 
state. The control fruited within 

©) No conidia developed. twenty to twenty-five days. 

(e)  Chlamydospores were pr Fruiting areas were ar and 


wont in moderately good E sections. showed i in a 
throughout close cluster bearing sterigmata 
and spores without amy tramal 


| hyphae elongations. 








RECOVERY FROM DAMAGE 


Damage wae first noticed in the main plate on Oth July, 1936, Recovery was noted in 
both the plate eub-cultures (of the first vegetative generation) on 23rd July, — The total 
periw] taken to reoover was therefore 17 days. 





Fruiting period of Fruiting period in the control 





(a) Main Plate 
(abortive fruit) à e S0 days 2) days 


(b) SNub-cualture — 





(1) det Subeeultun 


(regular fruit) z VN CONI. | 
(2) 2nd Sub culture 
(regular fruit) 5 WE ae 
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ON SOME POLYPORES IN CULTURE al 


DAMAGE IN THE MAIN PLATE 





In the vegetative stage 


iv} Hyphae 

Damage to the vegetative 
hyphae became evident on the 
very first smear-examination on 
Yih September, 1000, ir., after 
throe days! expowure The 
wotoplasm of many vegetative 
yphae became much vacuolated 
and broke up at places and there 
was absolutely no trace of baai- 
dia, After xix. days exposure 
damage became more pronown- 
ced. Healthy hyphae almost 
disappeared and every hyphae 
showed the damaged character, 
The hyphae became much 
narrower than the normal ope», 
much more vacuolated, and 
broken up at places, As the eul- 
ture grew thie broken up 
nature of the hyphae became 
more prominent and a strong 
tendeney to break up into oidin 
was evident. A large number of 
healthy hyphae totally lost their 
clamps and cell-contents, and 
became converted into dead 
and double-walled hairs. The 
clamps became extremely re 
duced in size and many empty 
ines with such clamps, either 
wholly or partially empty but 


still attached, could e aren 


In the reproductive stage 


Basidia wore first noted in | 


the main plate on 2h Sep- 


| tembor, 1956, eo that rudiment- | 


ary fruit-formation took place 


in the coume of elewen days 


after inoculation. The control 
fruited perfectly well after six 
days. The fruiting area. wae not 
developed in a cireulur zone but 
was formed a ene —— 
areas round the perip 

the culture, easily ———— 
from the vegetative ares by 
their yellow colour, The pores 
were very shallow and. smear: 
examination from these arcas 
showed n number of basi. 
dia whith never came to 
maturity. The basidis were 
very much smaller than the 
normal ones» ani elrunken in 
appearance, they were never 
in a cluster, but always very 


Oheorvations 


—  —  — 


Not only the vegetative phase 
but the reproductive phase a» 
well was extremely affected. by 
each long exposure to heavy 
| dose of dinim. No ertet fruit- 
| bodies ever developed on tlie 

eulture«plate. 


irrgularly — scattered without ， 


showing anywhere any trace - 
of sterigmata or spores. No - 


tramal hyphae could be found 
amongst them. "The  basidia 
were in number at 


i 


first but grad they under- 


went disintegration, 





DAMAGE IN THR FLATE SUN-CULTURES (FIRST VEGETATIVE GENERATION) 


Altogether five sub-cultures were carried out 
tember, (936, after three days! radium exposure, 


noon 


from the main plate—the first on 26th Sep- 
the second on 29th September, 1936, after 
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six days’ radium exposure, the third on Sth October, 1936, six days after the removal of He 
radium, the fourth on 26th October. 1936, twenty-seven days after the removal of the radium 
and the fifth on 20th October, 1936, i.e.. thirty days after the removal of the radium, The first 
four xub-cultures were in malt-agar plates and the last one in malt-agar tube. These five 
sub-cultures may be broadly divided into two groups (I & IT) so far as their characters are 
concerned, the first two comprising one group and the Inst three comprising another group 








In the vegetative stage In the reproductive stage Observations 


— — 00 a= 











L (a) Hyphae. Fruit formation (as noted bw It may be stated in peneral 

Dimage caused by radiation | the first appearance of basidis) that damage to both. the vege- 
upon the plate was fully trans- | occurred in the first and second | tative and reproductive phases 
mitted to all the sub-eultures of | s«ub-cultures after ten days, and | was far greater. (and almost to 
the first generation. But the | in the third, fourth and fifth | the same extent as in the main 
extent of damage varied in the | sab-cultures after twelve days. | plate) in the case of the [ast 
two groupe of sub-cultures In | The fruiting period in the con- three sub-coltures than in the 
the first and second sub-cultures | trol. varied at that time from case of the first and the second 
comprising the first group, the | «ix to seven days (utes - 
vegetative hyphae were all As regards the reproductive 
damaged with — protoplamn phase, some differences: could 
broken up into fragments, they te noticed. between. the two 
were much shrunken and much | groups of sub-culture., In 
narrower than the normal ones the fiat and second sub- 
ot places only. Nevertheless, a cultures a good samber of basi- 
large number of hyphae could be | din could be found arran 
found which, though damaged, in rather «parse cluster, so that 
were as broad as the normal ones, a tendency to form a hymenial 
but with protoplasm very much layer was. evident: No basi. 
streaked in Hyp- l. 
hae were all damaged, but still | fruits developed in both and 
elamped. hyphae nderated:— were inserted in agar plates on 
ever the non-c hyphae — izh December, Iuta. But no ， 

(^) A tendeney to break up «porecfall occurred, and sections 
into otdia was not much apparent | that their pores were 

Any 


— — — — 





but a small namber of conidia | filled with dead tramal hyp 
developed nearly a month after and there was no trace 


inoeulation. in the plates — hasidin or living element. | Sr 


Their number never inereased In the third, ind. fifth I 
but ——— finally vanished | 
l j deve- 
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rr — — — — — 





Observations 


In the vegetative stage In the reprodnetive stage 


一 
— — — — — —— — — — ———— 一 — — m 


The majority of the hyphae had | 
no elamps, so that non-clamped | 
hyphae were in preponderance 
over clamped hyphae 

(4) A tendeney to break up 
into oidis was more marked and, 
à» a matter of fact, conidia 
appeared im all in the course 
of thirteen to fifteen days after 
inoculation, which ie far more 
wicker than that in the previous 
case. 

(e) Chlamydospors deve- 
loped in all, but contrary to the 
cases of thi first and second sub. 
cultures the number of conidia 
went on ineneasng in immense 
number while the number of 
chlamydospores became re- 
duced to à few only 


— 








RESULTS IN THE TURE 8UB-CULTÜRES (SECOND VEORTATIVE GENERATION) 


As the third, fourth and fifth sub-cultures of the first. generation showed a decidedly greater 
amount of damage than the rest, they were again sub-cultured in malt-agar tubes on 2nd 


December. 1936, to find out how far the damage persisted. 





Observations 


— 


In the vegetative stage In the reproductive stage | 


Fruiting krone developed in Et is thus evident that though 
all three sub-culture of the | there. was à recovery of 





(a) Hyphae 
In this generation w partial 





recovery of the — hyp- 
hae wae noted. Hyphae were, 
on the whole, a little narrower 
than the normal ones and with 
clamps a little narrower in size, 
but the fragmented nature of the 
protoplasm was evident ut some 
places only and e^ —— 
Wider e with pro i 
— or streaked in 


hae. Clamped hyphae came in. 


—J h * 
denwely filled op with proto- 
plasm, did not show anv damage 





evond ywenermtion on 


December, 1, de. seven daya 


after inoculation, whieh fa 
within the normal period. The 
fruiting area was confined to the 
top of the slant in the form of a 
| spot which 
tubes, 
Smrarexamination from these 
fruiting areas showed the pre- 
noe of quite a good number of 
hasidia ‘panels, vither in à 
spare cluster or irregularly 
senttered, But never were any 
teri ar | 
—— three frdit. bodies from 
three tube subcultures wer 
taken and inserted on the lid of 
an agar plate on 25th December, 





ath | the vegetative pbase in the 


generation, there was no sign 
of recovery in the reproductive 
phase. 
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In the vegetative stage In the reproductive stage Observations 


i = 


— — — — 


exoept for the fact that they were 1936. Absolutely no spore- 
narrower than the normal ones fall occurred. even after three | 
A good number of damaged hyp. days under moist. bell.jar, and 
hae bivamo converted into hairs a seetion on 28th December 
at the approach of the fructifying showed that the pore-tubes had - 7 
| | a few mdimentary basidia here | 
(5) A few conidia developed and there without any spore or i 
in all, though after seven days any Fiving tamal hyphae, 
from the inoecnlation-date, but 
their number never increased 
(6) Chbunyvdospores—— deve- 
loped in «mall number. 


— — — — — — — — — — — 











RESCLIS DN THE TUBE ADOWCTONES (THIRD VEGETATIVE GENERATION) (s 

As only partial recovery was noted in the second generation, the third, fourth and fifth + 
sub-cultures were again sub-cultured in malt-agar tubes on 25th December, 1936. " 
ET 

i A E 
In the vegetative stage In the reproductive stage | Observations | 1 


— — — — —— 








The first appearance of baxj- It is therefore — that € | 
din was noted in amear-examina- | damnge to the 1 — £s o 
NI 






ten en 4th January. 1087, in | stil] persisted to a great 
dE err EE epo 
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ON SOME POLYPORES IN CULTURE 45 
RECOVERY IN. THE POURTH VEGETATIVE OENKHATION 


The third, fourth and fifth sub-cultares were again sub-cultured in malt-agar tubes on 7th 
January, 1937. The vegetative hyphae did not show any damage. They were normal in 
all respects showing à good number of mediate branches. No conidia developed, but a few 
ehlamvydospones were found. 

Fruit-formation was noted in all after eleven days on Ith January, 187, the control 
also fruiting at the wame time. The fruit-bodie» formed were very regular, showing well 
developed pore-tabes, and three fruit-bodies from these sub-eultures were inserted on the fid 
of an agar plate on 26th January, 1037, Spore-fall occurred. within four hours of insertion 
and continued for three days up to 27th January, 1997. Sections showed pore-tubes densely 
lined with basidia bearing sterigmata and spores (agreeing with the normal ones in measure- 
ments) mixed with a few tramal hyphae bearing elamps and some tramal hyphae bearing 
terminal globular spores. Spores dropped from these three fruit-bodies of three sub-cultures 
were transferred to three malt-agar tubes on 27th January, 1997. Growth was vigorous 
in all of them and fruit-bodies appeared in them within ten days after the transfer. 


RESULTS IN THY TUNE SUB-CULTURES (FIFTH VEGETATIVE GENERATION) 


Sub-cultures were carried for one generation more in malt-agar tubes. In no case was 
any damage noted either in the vegetative phase ot in the reproductive phase and the cultures 
were normal in all respecte. No conidia developed, though à few chlamydospores were found. 
Regular fruit-bodies appeared after ten days, which falls within the normal period. 


TRANSFER TO WOOD-DBLOCKS : 


Out of the five sub-cultures of the first vegetative generation from the main plate, the [ast 
three, viz., the third, fourth and fifth sub-cultures were transferred to wood-blocks (mango 
wood) on 30th November, 1006. The wood-block cultures, therefore, represented the second 
vegetative generation. The damaged nature of the hyphae persisted in all for more than 
three months, but ultimately all of them showed recovery and formed regular fruit-bodiex. 
Recovery was noted in the third and fourth sub-cultures in wood-blocks on 15th March, 1037, 
i.e., after 105 days, and in the fifth sub-culture in wood on Sth March, 1937, i.e., after 95 days. 
It was, thus, a case of complete recovery. Conidia which developed in small number in all 
wood-blocks in the beginning. were later on entirely replaced by chlamydospores. 

Small fruit-bodies appeared in the third sub-culture on Ist April, 1937, ie, 121 days after 
inoculation and 16 days after its recovery, in the fourth sub-culture on 27th. March, 19907, ie. 
117 days after inoculation and 12 days after its recovery; in the fifth sub-culture on 20th 
March, 1037, £c, 110 days after inoculation and 15 days after its recovery. The fruiting 
period for the control in wood-block culture at the time was 14 days. The fruit-hodies were 
well formed showing regular pore-tubes, and three such fruit-bodies from three wood-block 
snb.cultures were inserted on the lid of agar plates on 16th. April, 1937. Copious spore-fall 
occurred on 17th April, 1037, but it became less on 18th April, 1937, after which it gradually 
stopped. Sections on tath April, 1937, showed pore-tubes lined with basidia some bearing 
sterigmata and spores mixed with a few tramal hyphae bearing clamps but no terminal spores 
Spores were not transferred to any malt-agar tube, but the agar plates containing discharged 

I2—i pus 
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spores were kept inside à moit bell-jar, Clamps developed after five days and smoar- 
examination showed normal hyphae of Polystictes leoninus with mediate branches and 
ehlnm ydospores. 


a 


HkcovERY FROM DAMAGE 


Damage was noticed in the main plate on 26th September, 1956, after the plate had received 
a continuous 120 mg. radium exposure for three days. The damage persisted right through 
the first vegetative generation in malt-agar plates. Partial recovery of the vegetative hyphae 
oveurred in the second vegetative generation in malt-agar tubes, Complete recovery of the 
vegetative hyphae was noted in third generation in malt-agar tubes on 31st December, 196, 
ie, after 06 days, though the damage «till persisted in the reproductive stage. The period 
for recovery in wood-block sub-cultures, as has been said, varied from 95 to 105 days. 


SUMMARY OF RESULTS 











Fruiting poned Fruiting period in the control 

(A) In Main Plate 11 days | n 
No "pa (B) In Sub-cultures -一 poll — 
fruit- L bé vegetative generation 10-12 days 6-7 days 
formed Il 2nd k Tu 7 days 
HL ded T re Ww, li) days 

Regular IV. 4th T u 

fruit-hodies ; " " " days 

formed V. Mh m s I0, lo days 








Recovery AND FuririwG PERIOD IN WOOD-BLOCK 5UI-CULTURES 
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ON SOME POLYPORES IN CULTURE A 
DO Mo. HKAbICM-EXPOSURE UPON. Trametes cimngulata IN CULTURE han TEN DAYS 


A full-grown malt-agar plate-culture of T'rumetes cingulate inoculated on Uth April, 1044, 
was exposed to 50 mg. radium on 25th April, 1936, ie., after an interval of sixteen days from 
the inoculation date. The radium was this time placed direct upuy tbe xurface of the culture 
by removing the lid, and the radium capsules were removed from the culture on 5th. May, 
136, after a continuous exposure of ten days, The hyphae were all with clamps and with 
a large number of short mediante branches and there were a large number of conidia and a 
small number of chlamydospores before the exposure was began. A few empty hyphae were 
present and the distinction between: zoned and non-zoned areas altogether disappeared. 


DAMAGE IN THE MAIN PLATE 


Nmear-examinations were carried out daily both during the exposure and after the ex- 
posure had been stopped. With increasing expoxures a large number of hyphae became 
damaged so that a large number of dead hyphae were produced. The protoplasm of such 
hyphae became very much broken up into disconnected chains and a strong tendeney to 
break up into oidin became more and more evident in the living hyphae Clamps became 
extremely reduced in size wherever present, and the majority of the hyphae became extremely 
narrower than the normal ones and non-elamped. Conidia gradually increased in immense 
number and chiamydospores disintegrated in large number and almost disappeared A 
large number of empty chlamydospores was found. The culture was not totally killed but 
dead hyphae ultimately preponderated over the living ones, all of which became distantly 
branched and showed the damaged nature distinctly. 


DAMAGE IX PLATE SUM-CULTURES [FIRST VEGETATIVE GENERATION) 


Altogether five subcultures were carried out from the main plate during ten days of radium- 
exposure, The first sub-culture was after two days’ exposure, the second. after. four days 
exposure, the third after six days exposure, the fourth after nine days! exposure and the 
fifth nnd the last after ten days" exposure. 

Damage noticed in the main plate was transmitted to all the sub-cultures bat the extent 
of damage was far less. Damaged hyphae with broken op protoplasm or totally empty and 
dead hyphae were present in all in fairly large number but living hyphae preponderated in 
all Moreover, the number of clamped hyphae was far greater than the non-clamped hyphae. 
Conidin were present in all together with a small number of chlamydospores. 

The third, fourth and fifth sab-cultures were transferred to à dark room on lith May, 
1936, and kept in the dark thereafter, By keeping these three sub-cultures in the dark there 
was n sharp decline in the number of conidia, most of which developed a thick wall round 
them and became converted into chlamyvedospores The number of chlamydospores eo im- 
mensely increased that conidia almost vanished, while in the first and second sab-eultures 
kept in diffused light there was no rediction. in the anmber of conidia and a few chlumy- 
doapores always remained. Bat exch conversion into chlamydexpore also takes plane in 
the control kept in the dark, especially as the culture becomes old. 


* 





S. R. BOSE: THE EFFECTS OF RADIATION 
TRANSFER TO WOOLD-ELOORS (SECOND VEGETATIVE UENERATION) 


Inoeula from the third, fourth and fifth sub-cultures were transferred to sterilised wood- 
blocks (mango wood) on Lith June, 1996. Examined on Sth August, 1926, they showed an 
equal proportion of damaged and healthy hyphae but the immense number of chlamydo- 
spores present in the plate sub-cultures of the first vegetative generation was entirely replaced 
by almost the same number of conidia. 

No fruit-formation was noticed anywhere either in plates or in wood-bloeks ns it was a 
conidial non-fruiting strain. 


LRRADIATION OF FRESHLY SHED SPORES or Polystictus leoninus ny 20 MG. RADIUM FOR ONE HOUR. 


Fresh normal spores discharged from an artificial fruit-body of Polystictus leoninus were 
caught on two agar plates on 15th March, 1937. One plate was immediately exposed to 
20 mir. radium which was placed on the back of the plate so as to be nearer to the sporet. * 
The other plate containing spores was kept as m control Irradintion was continued for an 
hour, after which the irradiated plate and the control-plate were both kept under à moist 
bell-jar in the culture room. On the next day, de.. 19th. March, 1937. it was found that the 
irradiated as well as the control spores had all germinated. The irradiated spores were at 
once trànsferred to two malt-agar tubes and the spores from the control plate to another 
malt-agar tube. The tubes were kept in the diffused light of the culture room. 

For two days no growth was noticed in any of the tubes. Growth was found to start 
in all on 22nd March, 1937, ie., on the third day after the transfer of spores. Linear growth 
was equal in all but the culture obtained from radiated spores was more fluffy than that from 
the normal spores, This condition persisted for the first few days after which growth in all 
three tubes became equal in nature. Fruit-formation appeared in the radium exposed tube- 
sub-eultures after twelve dave and in the control-tube after thirteen days. The fruit-bodies 
were all regular showing well-developed pore-tubes, they were all (including the control- 
fruit) inserted in agar plates on Grd April. 1037. The spore-fall was copious from all three 
fruits and oceurred within three hours of insertion and continued for four days though show- 
ring a gradual decrease. The agar plates containing the discharged spores were kept under 
a moist bell-jar. Ceomination wes quick sod cel AI esi di dara LE 
days in agar plates. 

Mycelia from the three tubes just mentioned, of which e ft hd ded sper, 


were sub-cultured again on 31st Mareh, 1937, m malt-agar tubes. Me ecd os 
the same and equally vigorous in all, Fruit-bodies appeared in all on 7th T 1, 1937, Ge 


on 9th April, 1937, in agar plates for spore-fall ;- one of the fru : ux before, | 
tothe control. Copious spore-fall sel tn day tom al d tma withir 
E MM e r Dui dux Jos re-fall occurred 
the day-time but only at nights. The agar plates c 
moist bell-jar and all tbe spores germinated qu 
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ON SOME POLYPORES IN CULTURE Ir 
Kaos Rays 
Discussion and conclusions 


It hws been recorded by previous workers that strong doses of gamma-rays usually produce 
harmful effects on fungi and that especially heavy doses are necessary to produce lethal action. 
In the cave of three Polypores treated with heavy doses of radium we had retardation of the 
vegetative growth, damage of the vegetative hyphae, suppression of spore-formation and 
delayed and imperfect development of fruit-hodies as described in the preceding pages; in 
some cases there was an increase in the number of chlamydospores. Ultimately, in sub- 
cultures (succeeding vegetative generations) recovery was noted within a varying period in 
all even where the radium was placed direct on the hyphae continuously for ten days, but 
it was usually found that recovery in the vegetative phase waa quicker than in the reproductive 
one. Polypores, thus, seem to be extremely resistant to radium : Dauphin (6) exposing lower 
fungi to radium rays obtained sudden cessation of mycelial growth and of germination of 
spores but they were not killed because they began to grow again when brought to their nor- 
mal condition. In the case of light doses of 5 mg. radium the damage was slight and recovery 
was very quick, Germination of spores was not affected in any way by exposing freshly 
shed spores of Polyatictus leoninus to 20 mg. radium for one hour. Here no permanent change 
in the form of saltation or mutation could be produced; Lee, Haines and Coulson (11) could 
obtain besides lethal action only temporary inhibition of cell-division by exposing bacteria 
to 920 mg. of radium, they divided normally when they were removed from the radium rays 
and transplanted to fresh medium. Sibilia (15) ha» reported. however, two saltanta from 
Heterosporium gracile by the action of radium rays, which have remained unchanged through 
several successive generations, though he was quite unsuccessful with ultra-violet radiation. 
It has been found that irradiation of the malt-agar medium with 15 mg. radium for half a 
minute had no toxic effect on growth of Polypores on it. Our experimental results 
show that Polystictus leoninus in majority of cases is more sensitive to radiation (sunlight. 
ultra-violet, X-rays and radium] than Polyporus ostreiformis or Trametes cingulate. These 


Polypores, I have found, usually fruit only in light ; in complete darkness either they do not- 


fruit at all or form in a few cases very imperfect and abnormal fruiting areas. 

My grateful thanks are due to the Calcutta University for the assistance of a research 
scholar, Mr. Nirmal Chandra Goswami, MA., for the purpose of this work for over a year from 
the Kirtikar Memorial Fund of the University. 
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e INTRODUCTION, 


The nature of the colouring substance in higher fungi has received little attention from 
anycologists, Zopf in 1890 gave a few details regarding the colouring matter in some of the 
brightly coloured fungi in his work “Die Pilze in morphologischer, physiologischer, bio- 

und systematischer Beziehung’, while among the recent workers Kéógl (1930), Zellner 

(1915, 1917 and 1018), Raistrick and others (19314 and 10315), Bertrand (1033) and their asso- 
cintes have carried out some investigations on pigments in fungi. From Kógl's (1932) summary 
of the present knowledge about fungal pigments it appears that little is known with 
tainty; i only in a very few onses the definite chemical composition of the pigment has been 


certain 
determined but a division from the chemical standpoint cannot yet be thought of. The 


Parity of the pigments deed by persons ware ae deposited on the wal of he 
dead hyphae hog dapidus eor im 
— In this paper 1 give an account of my studies of the nature of the colouring 
bstances deposited on the walls of dead hyphae of coloured Poly poraceae. 

ne of the previous workers have recorded the presence of anthraquinone, anthraquinone 
— a fn The importance of carotinoids in 
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the reproduction of many Cryptogams, higher plants and animals has been dealt with, 
particularly in the life-cvele. of aquatic Phyoomyeete Allomyces, by R. Emerson and 
D. L. Fox (1344). Warburg and others have shown that pigments function in some onses is 
respiratory enzymes. Such pigments are usually located in vacuoles, Recently, 1 found à 
pinkish stain in the vacuoles of the growing tips of young hyphae in almost all fungi, a short 
Acoount was published in Current Science of April, 1839, and in Nature of Sth July, 1939, 
I am of opinion that this vacuolar pinkish stain is connected with the metabolio state of the 
fungus, as will appear from the discussion. 

| have also studied the effect of growing the scarlet-red /olysticfus — wanguineus. ín 
Sabouraud's media coloured with such toxic stains as crystal violet, gentian violet, brilliant 
green and malachite green, the results of which are recorded in this paper. 


MATERIALS AND METHODS. 


Thirteen species of coloured Polyporaceae, viz.: Polyporus zonalia Berk., P. rubidus Berk., 
P. grammocephalus Berk., P. luzonensis Murr., Polystictue hirsutus Fr.. P. versicolor (La) 
Fr., P. xanthopus Fr., P. sangwinews (L.) Mey., Trametes persooni Fr., T. versatilis Berk. 
Daedalea flavida lev. Lenzites aubferruginea Berk., and Ganoderma (Fomes) lucidus (Levss.) 
Karst. were selected. Their spore-cultures in malt agar tubes were kept in darkness at room 
temperature as well as at 37C. inside an incubator, to find out if the colour on the old hyphae 
could develop in the dark; of course it is known that in all cases the appropriate colour develops. 
in the presence of light. In each case a camera lucida drawing of the coloured hyphae under 
the microscope, made in appropriate colour according to Ridgway's colour standards, has T 
been prepared. The coloured parte of the sporophore of cach species collected fresh wert 
cleaned, vut into thin slices and dried in a hot air oven; the pieces were then kept overnight at | 
room temperature in sealed tubes containing sterilised distilled water, alcohol, petroleum ether, — : 
benzol, methyl alcohol, ether, chloroform, pyridine and acetone; in some cases Soxhlet — 
Apparatus was used for colour extraction. On the following day the coloured liquids were 
filtered off from the sliced pieces and preserved in well corked phíals. The nature of the 
colour extracted with these solvents was noted in every ease and also the pH value of the — 
water-extract of each was determined with Wulf's Folian Kolorimeter, In order to find — 
out the nature of the substances deposited along with the pigments a number of m 
preparations of these stains were made by evaporating these extracts to dryness, - 
extracts in sample tubes were exposed in two sets to powerful electric light (100 c.p. t ilb). 
lor 72 hours and to the diffused light of the room — of APOM iplete | 
— inj dota dee eae ir 9 
note any reduction of colour the aqueous extract of each was treated with aci 
and 50%), alkali (KOH 5% and 2%), iodine solution (2%), ^ strong oxi 
(hydrogen peroxide 5%) and a strong rane spot. (scent an) UE 
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SUBSTANCES IN COLOURED POLYPORACEAE. 7 


were studied by exposing suitably diluted solutions of the colouring matters to the ultraviolet 
radiation of a Quartz Mercury Are after filtration through a blue uviol glass and copper 
sulphate-solution filter so ns to cut off tbe visible radiations. Since the Buorescence-radiation 
through a spectrograph shows only a continuous pateh, the colours of the radiation are 
recorded ns they appear to the naked eye. 


OBSERVATIONS 0X THE COLOURED SPECIES INDIVIDUALLY. 
The record of observations on each species is now separately given:— 


|. Polyporus zonalis Berk. 


The naked eye colour of the upper surface of the specimens growing in nature ix reddish- 
brown to yellow-brown, and that of the hymenial surface is dull brown, Culture-tubes kept 
in the dark as well as in the diffused light of the laboratory room developed a very faint 
yellowish tinge after a very long time, It formed irregular, minutely poroid and 
areas in old culture-tubes (of malt agar medium). A camera lucida sketch (plate I, fig. 1) 
of a smear from such an area under the oil immersion lens with an eye-piece no, 5 shows 
colour only on the dead transversely-septed. hyphae, varying from pale light buff to pale 
pinkish buff (Ridgway, Plates XV and XXIX). All coloured hyphae were broader than 
their uncoloured neighbours. The eolour of the water-extraet of the sporophore- pieces, 
treated ax described before, was pale yellow, that of the aloohol-extract wa» greenish, 
that of the henzol-extract was light yellow, that of the chloroform-extract was light yellow, 
that of the pyridine-extract was light brown, and no colour could be extracted with methyl 
alcohol, ether and acetone, The pH value of the aqueous extract was 6-9. Watch glass 
preparations evaporated to dryness showed the deposit of à number of fat globules and 
common calcium crystals along with the pigments. No perceptible change of colours was 
noticed on exposing these colour-extracts to powerful electric light and to diffused light of 
the room as well as on keeping them in darkness for à long time. The yellowish colour of 
the aqueous extract was almost equally reduced on being treated with acid (HCl cone. and 
50%) and alkali (KOH), and there was a slight reduction of the colour on treatment with 
oxidising and reducing agents separately, vir. with hydrogen peroxide (6% and dilute) 
and with stannous chloride, The brown colour of the two per cent todine-solution was greatly 
reduced when mixed with the aqueous extraet of the stain of Polyporus zonalis, though 
it remained much deeper than the colour of the water-extract, The absorption spectrum 
of the alcoholic extract of the stain ix reproduced in plate ETT, fig. 1. 

The fluorescent colour of the alcoholic extract was bluish-yellow. 


2. Polyporus rubidus Berk. 


The naked eve color of the upper surface of the specimens growing in nature varies 
from reddish to dark red or deep red, and that of the hymonial surface is pinkish. There was 
no indication of the development of any colour in culture-tubes (malt agar medium) kept in 
the dark as well as in the diffused light of the room for a long time, neither did the cultures 
fructify, they persisted only in a vigorous vegetative condition, A camera lucida sketch 
(plate I, fig. 2) of a scraping from the sporophore-surface under the oil immersion. lens 
with an eyepiece no, 5 shows a vinaceous pink colour (Ridgway, Plate XXVII) on the outer 
surface of dead double-walled hyphae without any clamp-connexion. The colour of the 
water-oxtract of the sporophore-pieces, treated as before, was yellow-brown, that of the 
aleohol-exttact. was faint yellowish, that of the pwridine-extract and the acetone-estract 
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was light brown, with ammonia the colour extracted was Imwn, anil no colour cond be 
extracted with chloroform, ether, petrol ether and benzol, The pH value of the manton extet 
waa ot, No variation of colours was perceptible on exposing these coloured extracte to 
powerful electric light and to diffused room light (Le alternation of light and darkness) as 
well as on keeping them in darkness for a long time. The yellowish-brown eoloar of the 
iMqueous extmot wax reduced on being treated with acid (HCl, cone, and $0955), while the alkali 
(KOH treatment deepened the colour a little, the coleur hocoming more yellowish. On 
testment with an oxidising agent (HO) a slight reduction of the yellowish -brown colour was 
noticed, while with stannona chloride the colour was reduced to milky white. The colour af 
the lodine solution was reduced when mised with an aqueous extent of the tam of Polyporus 
rubidue. The alesorption specteum of the abeoholie extract of the stain is reproduced in plate 
Ht, fig. £ 
The fluorescent. colour of the alochotie extract was blüish-white. 


1, l*oly peris qraminocephaltus Berk. 


The naked eve colour of the upper surfaoe of the specimens growing in nature varies from 
vollowish to brownish: vellow, and that of the hymenial surface ix reddish-yellow, Tn artificial 
cultures (malt agar medinm) in tubes and flask» kept in the dark a deep brown eolour of the 
older hyphae developed in the course of 5-12 days from the day of inoculation at different 
times of the year: exposed to strong light the caltare tube showed much greater vegetative 
(myoelial) growth amd colour developed in older hyphae in the course of 7 days; very small 
stalked frit-hodies were formed in some of the malt agar tubes and in wood-block cultures in 
Roux tubes kept in the diffised light of the laboratory room after a long interval, while à | 
cultures kept in darkness did not frnetify. Of three sets. of culture-tubes exposed to mn, 
eontinwous strong artificial light (100 ep. bulb), the diffused light of the laboratory A 
room, amd complete darkness, the pigment first appeared in the eulture-tubes in presence sj J e 
of the strong light, then in darkness and lastly in the tube kept in the diffused light; - — 
the vegetative growth in culture-tubes wax the greatest in the presence of the strong artificial 
light, next in order was that in darkness and the least, in the tubes kept in the a 
By exposing another series of six sete of artificial cultures of Polyporne lh 
malt agar medium to continuous artificial light. to the diffused light of the laboratory room, to” 
complete darkness, to the red light, to the blue light and to prets omine ir 
Utd do cit hes Groped char i apt ERROR ee a p brown 
colour of the older hyphae developed after 6 days in contionots SRNL MEN ; 
light, in the blue light and in complete darkness the colour den dn th 
in the green light in the course of 5 days, and in the diffused light of the laboratory rc 
the colour developed in the course of 10 days. ——— — eloped in t 
cultures on exposure to eontinous artificial light rar wt, thi T con 
ts carpus hl, thak t6 groon lini Rest, chek th Sie ‘the labo * 
ies NO that to a ine - sixth. — ^ camera 
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SUBSTANCES IN COLOURED POLYPORACEAE, 


benzol. | The pH value of the aquecue extract wae Mi. No variation of colonm waa 
perceptible on exposing the coloured extracts to powerful electric light (100 c.p. bult) and to 
diffused room light ns well as on keeping them in darkness for a long time. The brownish- 
yellow colour of the aquoons extract was reduced on being treated with acid (HCL cone, and 
5074), with alkali (KOH)-treatment the reduction of colour was very slight. On treatment 
with an oxidising agent (H4O,) the colour of the aqueons extract was reduced, with stannous 
chloride (reducing agent) the reduction of colour wax alight, and iodine-colour was reduced 
when mixed with the aqueous extract of the stain. The absorption xpeetrum of the alcobolic 
extract of the stain is reproduced in plate ILL, fig, 3. 

The Huorweent colour of the alcoholic extract was bluixh-white, In ultraviolet light à 


fresh sporophore growing in nature showed a light yellow colour of both the surfaces with à — 


dull violet margin. 
4. Polyporus lieconenata Murr. 


The naked eye colour of the upper surface of the specimens of P. lusonenaia growing in 
nature is grayish-white with a black tinge across the base, while that of the hymenial surface 
in dark brownish, Tn artificial cultures in malt agar medium kept in darkness a brownish- 
yellow colour first. developed in older hyphae after an interval of 4-15 days from the day of 
inoculation according to the different seasons of the year, in the diffused light of the laboratory 
room it appeared two days earlier but the shade of the colour was deeper in the former onse. 
A camera lucida aketch (plate I, fig. 4) of a smear from the coloured ama of a culture-tube 
under the oil immersion lens with an eye-piece no. 5 shows colour on the dead transversely- 
vopted hyphae (without any clamp-connexion) varying from pale orange-vellow to lighter 
shades of raw sienna (Ridgway, Plate IMI). The colour of the waterextract of the 
«porophore-pieees, treated as before, was deep brown, that of the aleaholextract was yellow, 
that of the ehloroform-extraet was light yellow, that of the pyridine-extract was browniel- 
yellow, that of the acetone-extract was ned, that of the ether-extract was light. yellow, 
with ammonia the colour extracted was dark brows, and no colour could be extracted with 
petroleum ether, benzol and methyl aleohol, The pH value of the aqueous extract was 5-5. 
Watch-glaas preparations of these extracts evaporated to dryness showed the deepest deposit 
with ammonia-extract, next in order were alcohol- and ebloroform-extracts, No variation 
of colours was perceptible on exposing these coloured extracts to powerful electric light and 
to diffused room light as well as on keeping them in darkness for a long time, The deep 
brown colour of the aqueous extract was reduced on being treated both with acid (HCl) and 
alkali (KOH), On treatment with an oxidising agent (H,O;) and a reducing agent (SnCl,) no 
reduction of colour was noticed. The colour of the iodine solution was reduced when mixed 
with the aqueous extract of the stain of Polyporus Iuaonenaie, The absorption spectrum 
of the aleobolic extraet of the stain is reproduced in plate IT, fig. 4. 

"The iluorescent colour of the aleoholic extract wae bluish white. In ultraviolet light a 
sporophore growing in nature showed a light yellow colour on the upper surface and 


deep chocolate colour on the hyimenial surface, 


5. Polystictus Airewtus Fr. 
Jj The naked eye colour of the upper surface of the specimen of Polystictus YN growing 


in nature varies usually from yellowish to brownish while the colour of the hymenial surface 


is yellowish. In artificial cultures in malt agar medium kept in darkness à. yellowish colour 
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developed in old dead hyphae after an interval of 7-13 days from the date of inoculation 
according to the different seasons of the year, in some onses fruit- formation took place under 
this condition after an interval of 23 days and in wood-block cultures kept in darkness 
fruit-hody appeared after an interval of one month, A camera lucida sketch (plate 了 fig. 5) 
of a smear from the coloured area under the oil immersion lous with an eyepiece no. 6 shows 
colour varying from ' cream color to light old gold (Ridgway, Plate XVI) on the outer surface 
of dead transversely-septate hyphae without any clamp-connexion, The colour of the water- 
extract of the sporophore-pieces; treated às before, was reddish-brown, those of the alcohol-, 
chloroform-, acetone-, and ether-extracts were faint yellow, that of the pyridine extract 
brownish, with ammonia the colour. extracted was dark brown, and ne colour coukl he 
extracted with petroleum ether and bemol. The pH value of the aqueous extract was 507. 
Watch-glass preparations of these extracts evaporated to dryness showed the deepest deposit 
with ummonia-extraet, next in order were water-extmcet, ether-extract and eliloroform-extraet, 
No variation of colours was perceptible on exposing the coloured extracts to powerful electro 
light (100 cp. bulb) and to the diffused room light as well as on keeping them in darkness — 
for a long time. 

The reddish-brown colour of the — extract was reduced on being treated with 
acid. (HCI) and alkali (ROH), but greater reduction was obtained with acid treatment. On 
treatment with an oxidising agent (HO; i9 well as with stannous chloride a slight reduction 
of the reddish-brown colour was noticed. The colour of the iodine solution waa reduced 
when mixed with the aqueous extract of the stam of Polystictus hirsutus, The absorption- 
spectrum of the alcoholic extract of the stain is reproduced in plate IL, fig. 5. 

The fluorescent. colour of the alcobolie extract was bluish-white. 4 


i, Polystictus versicolor (La) Fr. 


The naked eye colour of the upper surface of the specimens growing in nature is bluish- 
gray while that of the hymenial surface is white or whitish, In artificial cultures in malt 
agar medium kept in darkness at room temperature a faint yellow colour developed in older 
hyphae after a long time in the course of 33-36 days from the date of inoculation, none of | 
the cultures froctified in the dark though here the vegetative growth was more vigorous * 
than in the room light. A camera lucida sketch (plate T, fig. @) of a scraping fom the "Y 
sporophore-surface under the oil immersion lens with an eye-piece no. 5 shows colour 
from pale ochraceous-salmon, light buff to pallid natural gray (Ridgway, Plates xv d * 
LITT) on dead, double-walled and sparingly septate hyphae ; there were gray crystals ， zd 
on these hyphae The colour of the water-extract of the sporophore- pieces, — 
was light yellow, thot of the aleohol-extract was almost white, that of the chloroform-es 
was faint yellow, that of the pyridine-extract was red, that of the ace ik s 
brown, that of the ammonia-extract was reddish-brown, and no colour could be ted — 
with ether, benzol and petroleum ether. The pH value of the aqueous extr b» POM 64 
 Watch-glaus — — ba aT Miei ci iowed the deepest deposit 
iva the alcohol-extract, next in order were the acctone-extract, 
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agent (H4,0;) the colour of the aqueous extract deepened, while with a reducing agent (SnCl,) the 

colour was reduced and the solution became milky, The colour of the iodine solution was 

reduced when mixed with the aqueous extract of the stain of Polystielus versicolor. The 

absorption-spectrum of the alcoholie extract of the stain i» reproduced in plate ILE, fig. 6. 
The fluorescent. colour of the alcoholic extract was bluish. 4 


7. Polystictus zanthopuas Fr. 


The naked eye colour of the upper surface of the specimens growing in nature is dark 
brown while that of the hiymenial surface ix whitish. In artificial cultures in malt agar medium 
kept in darkness at room temperature a brownish colour developed in the older hyphae in 
the course of 27-31 days, in some cases a very faint colouration first appeared after an interval 
of 13 days; the vegetative growth was less in the dark than in the diffused light of the laboratory 
room. A camera lucida sketch (plate L, fig. 7b) of n scraping from the sporophore-surface 
under the oil immersion lens with an eye-piece no, 6 shows colour varying from pale pinkish- 
buff to different shades of ' cream color (Ridgway, Plates XXIX and XVI) on dead double. 
walled hyphae, while the crust. (fig. 7a) shows a pale orange-yellow colour (Ridgway, Plate IIT) 
of the elongated hyphae in & cluster, The colour of the water-extract of the sporophore- 
pieces, treated as before, was light brown, that of the alcohol-extract was yellowish-brown, that 
of the iummonia-extract was brown, that of the pyridine-extract was yellowish-brown, and no 
colour could be extracted with benzol, chloroform, acetone, ether and petroleum ether. The 
pH value of the aqueous extract was 63. The light brown colour of the aqueous extract 
was reduced on being treated both with acid (HOI) and alkali (ROH), On treatment with 
either the oxidising agent (H404) or the reducing agent (Salla) the colour of the aqueous 
extract was reduced. The colour of the iodine solution was reduced when mixed with the 
aqueous extract of the stain of Polystictus zanthopus, The absorption-spectrum of the 
alcoholic extract of the stain is reproduced in plate IIT, fig. 7. 

The fluorescent. colour of the alcoholic extract was yellowish-green, 


8. — Polystichus sanguineus (L.) Mey. 


The naked eye colour of both the upper and hymenial surfaces of specimens growing 
in nature is scarlet red, — In artificial cultures in malt agar medium kept in darkness at room 
temperature, a red pigment appeared on the outer surface of the wall of dead hyphae in the 
form of a deposit of closely packed orange-red granules, The time of appearance of this red 
pigment on older hyphae varied according to the different seasons of the year (sometimes in the 
course of 3 to 4 days and at other times in the course of 7 to 9 days), and the original pH value 
of the medium, which was 50, usually came down to 4 or 3:8, Tt was usually found that 
the red pigment appeared two or three days earlier in culture-tubes in darkness than in those 
kept in the diffused light of the laboratory room though the vegetative (mycelial) growth was 
almost the same under both the conditions, In darkness porous areas (abnormal fruit-forma- 
tion) were formed in very fow cases after a long interval (in one tube after about a month 
and in a second culture-tube after about two months from the date of inoculation), By 
exposing six seta of artificial cultures of Polystictus sanguineus to continuous electric light, 
to the diffused light of the laboratory room, to complete darkness, to red light, to blue light 
and to green light (each set continuously for 13-14. days), it was found that the greatest 
vegetative growth was obtained in the presence of red light, and the red colour on older 
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hyphae developed in the course of 4 days, that in order of vegetative growth the eulture ex posed 
to the continuous electric light was second and here the red colour on older hyphae 
developed in the course of 6 days, that kept in darkness was third in order of vegetative 
growth und here the red colour on older hyphae developed in the course of 4 days, that kept 
in the diffused light of the laboratory. room was fourth in order of mycelial growth. and 
here the red colour on older hyphae developed im the course of 6-7 days, that exposed 
to green light was fifth in order of vegetative growth and here the colour developed in 
the course of 5-7 days, and that exposed to blue light was sixth in order and here | 
the colour developed in the coume of 7-0 days. According to the depth of the red "T 
colour developed in these cultures, the culture exposed to red light ranked. first, that to , 
continuous artificial light second, that to green light third, that to blue light fourth, i 
the culture kept in darkness was fifth, and that at room light sixth, A camera. lucida | 
sketeh (plate I, fig. 8) of a smear from the coloured area under the oil-immersion 

lens with an eye-piece no. 5 shows a number of grenadine red (Ridgway, Plate IT) granules of 
orange light yellow (Ridgway, Plate HT) base, deposited on the outer surface of dead, old and * *» 
sparingly branched hyphae without any septum or elunp-eonnexion; these pigment granules 
were very thickly set, at places they were fewer in number and hence the staining substance 
appeared discontinuous. The colour of the water-extraet of the sporophore-pieses, treated 

as before, was dark brown, that of the albohul-extract was orange, that of the acetone-oxtract 

was reddish yellow, that of the ammonia-extmot was dark brown, that of the benzol-extract 

was light yellow, that of the chloroformextract was pinkish-yellow and that of the ether- 
extract was light yellow, that of the pyridine-extraet was dark red while it was insoluble - 

in petroleum ether When on aquecus extract of this specimen is mixed with an equal volume 

of benzol in a sample tube. the benzol being lighter goes to the top and produces the pink- 
yellow colour and the aqueous extract at the base shows a little faint brown colour; thus, - 

we geb separation of two distinet colours—light yellow and faint brown or brownish-red; 
from chromatographic experiments also, on passing vhlorofornm-extract, benxol-extract, | 
ether-extraet and pyridine-extract through dried columns of anhydrous aluminium oxide, 
magnesium oxide and calcium carbonate, there was indication of the presence of two colouring 
matters, one pinkish red which was adsorbed, und the other yellow or yellowish: colour which . 
came out unadsorbed; the latter, when texted with a chloroform-solution of 1% antimony 
trichloride, was not found to be carotin.. ‘The pH value of the aqueou⸗ extract: was 49 | 
Watelt-glass preparations of these extracts evaporated to drymess showed thè deepest. 4) «i a 
with amrmonu-extraet, next in order were the aqueous extract, chlorofor xtra 
etherextract, benzoléxtract, aleohol-extract, acetone-extpact, and ne-ex 
treating these watch-glass preparations with Sudan IV to test the presence of fatty 
substanoos it was found that the chloroformextract had the — 1 a 
substances; the next in order of fat-contents were ether-extract, | dini 
es ammonia-extmoet, amd. water-extract. 
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unchanged. All these. extracts except the aqueous one kept at the room temperature and 
im the diffused light of the laboratory room were found to remain unchanged on examination 
after every two montlis for about à year, 

The dark brown colour of the aqueous extract was reduced on being treated with alkali 
(KOH) while the colour deepened on treatment with acid (HC), On treatment with the 
oxidising agent (H,O,) the colour of the aqueous extract was redaced and with the reducing 
agent (SnCl,) also the colour was reduced, On treatment with iodine solution no change 
of colour was noted. The absurption-spectra of the aleoholic extract, the benzene-extract, 
and the aqueous extract of the stain of Polystictus sanguineus are reproduced in plate IV, 
figs. 5 (a), (6) and (c). 

The fluorescent colour of the aqueous extract as well as of the benzene-extract was greenish- 
blue, while that of the aleohol-extract was bluish-white. In ultraviolet light a fresh sporophore 
growing in nature showed a dull red colour on. both the upper and the hymenial surfaces. 


i, Trametes persooni Fr, 


The naked eye colour of the upper surface of the specimens growing in nature is deep brown 
with a yellowish margin, while that of the hymenial surface is whitish to yellowish, In 
artificial cultures in malt agar medium kept in darkness at room temperature the deep brown 
colour developed in older hyphae in the course of 7-16 days according to different. seasons 
of the year. The colour at first appeared as dirty brown, subsequently it deepened into 
deep brown; some of the cultures kept inside an incubator at 4°C. fructified after an interval 
of 14 days from the date of inoculation. Of three sets of culture-tubes exposed to 
continuous strong electric light (100 ep. bulb), to the diffused light of the laboratory 
room, and kept in complete darkness the pigment first appeared in the culture-tube in the 
presence of the strong light, then in darkness, and lastly in the tube kept in the diffused room 
light; the vegetative growth in culture-tubes was the greatest in the presence of the strongr 
light, next in order was that in darkness and the least in the tubes kept at room light. By ex- 
posing another series of six sets of artificial cultures of Trametes persooni in malt agar medium 
to continuous electric light (100 cp. bulb), to the diffused light of the laboratory room, to 
complete darkness, t red light, to blue light and to green light (each set continuously for 
13-14 days), it was found that the greatest vegetative growth was obtained in the presence 
of red light, and the deep brown colour of the older hyphae developed in the course of 
à days with the continuous electric light ond with red light, in darkness and with blue 
light the brown colour developed after 7 days, and in the diffused light of the laboratory 
room, after 8 days, and with green light, in the course of 8-9 days. According to the 
depth of the colour developed in these cultures, the culture exposed to green light ranked 
first, that to continuous electric light second, that to red light third, that in darkness 
fourth, that to blue light fifth, and to room light sixth. A camera lucida sketeh (plate 
II, fig, 9b) of a smear from the coloured area under the oil immersion lens with an eye-piece 
no, 5 shows a martius yellow colour (Ridgway, Plate IV) on dead irregulurly-branched and 
septate hyphae, some of which still retained clamp-connexions, and there were some thick- 
walled byphue in the form of round cellular structures (plate LL, fig. 9a) which contained clusters 
of erystals of ealeium oxalate in the form of sphaeraphides; the colouring shade of the thick- 
walled cellular structures lies between warm buff (Ridgway, Plate XV) and einnamon-buff 
(Ridgway, Plate XXIX). The colour of the water-extraet of the sporophore-pieces, treated as 

n 
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before, was yellowish-brown, that of aleohol-extract was yellowish, that of bengol-extract was 
light pink, that of pyridine-extract was dark red, and no colour could be extracted with 
methyl alcohol. The aqueous extract had an acidic reaction, A watch:glass preparation of 
the benzolextraet evaporated to dryness contained needle-shaped. crystals along with the 
staining substance which was pink at first but later turned into brown. No change of colour 
was noticed on exposing the benzol-extract of the stain to strong light (100 ep. bulb), to roam- 
light and on keeping it in darkness. The yellowish-brown colour of the aqueous extract 
was reduced both with acid (HCI) and alkali (KOH)-treatments, but a greater reduction 
was obtained with the acid treatment, On treatment with H.O; and SnCl, the colour of 
the aqueous extract was slightly reduced, The colour of the iodine solution was greatly 
reduced when mixed with the aqueous extract of the stain of Trametes persooni. The 
absorption-spectrum of the aleoholic extract of the stain is reproduced in plate IV, fig. 9, 

The fluorescent colour of the alcoholic extract was bluish-white. In ultraviolet light a 
fresh sporophore growing in nature showed à black colour on the upper surface with a light... 
yellow margin, and a dull white colour on the hymenial surface. | 


10. Trametes versalilia Berk, 


The naked eye colour of the upper surface of the specimens growing in nature is dark gray, 
while that of the hymenial surface is violet gray. A camera lucida sketch (plate IT, fig, 10) 
of a scraping from the «poruphore-surface ander the oil immersion lens with an eye-piece 
no. 5 shows shades of colour varying between warm buff and light buckthorn brown 
(Ridgway, Plate XV) on dead, double-walled and spuringly septate (H-shaped septa) hyphae. 
The colour of the water-extract of the sporophore-pieces, treated as before, was brownish-yellow, 
those of aleohob, methyl alcohol, chloroform», and acetone-extracts were light yellow, 
that of pyridine-extraet waa dirty brown, and no colour could be extracted with ether, 
petroleum ether and benzol. The pH value of the aqueous extract was 6. The yellow 
colour of the aqueous extract was slightly reduced both with acid- and alkali-treatmenta. 
l On treatment with H40, the colour of the aqueous extract was not reduced, but with SnCl, the 
colour was slightly reduced, The colour of the iodine solution was reduced when mixed —— * & 
with the aqueous extract of the stain of Trametes versatilis, The absorption-spectrum of the 
aleoholic extract of the stain is reproduced in plate IV, fig. 10. el. 
The fluorescent colour of the alcoholic extract was intense white and blue, In ultraviolet. T , 
light à fresh. sporophore growing in nature showed a dull black colour on the upper surface e B: 
and light ash colour on the hymeuial surface. - C » i 









11. Daedalea flavida Lev. 


The naked eye colour of the upper surface of the specimens growing in nature is =r hc e * 
to brownish-yellow M NL AC OP AY M E In Aeg "f 
in malt agar medium kept in darkness at room temperature a eol ui E 
E on UC weis ak "mies : 

7 different seasons of the year, A camera Incida sketeh (p 
OAA KE aian vaba arda Moi ia 





















in or * 
k " Y X n he ~ea E l 
the sporophore-piex , in 
bh "oSv, a z: QUE DNE "A ~ J x u^ 
a YX elf Im 


= 
` 
VE à 





TE 





SUBSTANCES IN COLOURED POLYPORACEAE. 


pinkish-yellow, that of acetoneextract was pale yellow, that of ammonin-extract wis 
yellowish-red, and no colour sould be extracted with benzol, chloroform and pyridine. 
The pH value of the aqueous extract was &7. Watch glaee preparations of these extracta 


evaporated to dryness showed the deepest deposit. with the acetone-extraet, next. in order 


were ammonia-extraet, water-extract and aleoliol-extraet, No variation of colour was 
noticed on exposing these coloured extracta for two months to powerful electrie light 
and to the diffused room light as well aa on keeping them in darkness, The light yellow 
colour of the aqueous extract was reduced on being treated with the acid (HCI), but no reduction. 
was obtained with the alkali (KOH)-treatment, On treatment with an oxidising agent (H40;] 
the coloyr of the aqueous extract remained! almost the same, With a reducing agent (SoC) 
the colour was «lightly reduced. ‘The colour of the iodine solution was reduced when mixed 
with the aqueous extract of the stain of Dasdalea flavida. The absorption-speetrum of the 
aleoholic extract of the stain is reproduced in plate IV, fig. 1. 

The fluorescent. colour of the aleoholic extract was bluish-white. In ultraviolet light a fresh 
sporophore growing in nature showed a deep brown colour of the zones on the upper surface 
with a yellow margin while the colour of the hymenial surface remained the same as in nature 
viz. light yellow. 


12, Lensites subferruginea: Berk. 


The naked eye colour of the upper surface of the specimen growing in nature is yellowish- 
brown to whitish, while that of the hymenial surface is yellowish-hrown, A camera lucida 
sketch (plate IT, fig, 12) of a scraping from the sporophore-surface under the oil immersion 
lens with an eye-piece no. 5 shows a lighter shade of ochraeeous-tawny colour. (Ridgway, 
Plate XV) on double-walled and transversely septate hyphae (septa in the form of H pieces). 
The colour of the aqueous extract of the sporopbore-pieoes, treated as before, was light 
brown, that of alcohol-extract was intense brownish-red, that of acetont-extract was light 
yellow, that of ammonia-extract was dark brown, and that of pyridine-extract was 
brownish-red. Tho pH value of the aqueous extract was G4, The light brown colour of 
the aqueous extract was redaced both with acid (HCI)- and alkali (ROH)-treatments. On 
treatment with H40, the colour of the aqueous extract was slightly reduced. No variation of 
colour was perceptible on exposing these coloured extracts to powerful electric light and to the 
diffused room light as well as on keeping them in darkness. The absorpition-spectrum of the 
alcoholic extract of the stain is reproduced in plate IV, fig. 12. 


18. Ganoderma (Fomes) luicidus (Leyss.) Karst, 


The naked eye colour of the upper surface on account of the strongly laccate erust of 
the &pecimens growing in nature is deep brown with a shining lustre while that of the 
hymenial surface varies from whitish or yellowish to brownish according to the time ot 
spore-dischange. In artificial cultures in malt agar medium kept in darkness at mom 
temperature a faint yellow colour first developed in older hyphae after an interval 
of 6-12 days from the date of inoculation according to different seasons of the 
year, in darkness the vegetative growth was greater than in the diffused light of the 
laboratory room. In artificial cultures in malt agar medium with sterilized wood-blocks 
in Erlenmeyer flasks, ome of which were kopt exposed to sunlight and others in 
complete darkness, the yellowish colour appeared in older hyphae after an interval of 
la days in the came of the flasks in sunlight, and after an interval of I8 days in those kept 
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in darkness, but the depth of colour in the sunlight was considerably higher than that in the 
dark. In cultures in Roux tubes with sterilized wood-blocks kept in the diffused light of 
the laboratory room the yellowish colour first appeared after an interval of 47 dayx from 
the date of inoculation, A camera lucida sketeh (plate ET, fig. 130) of a smear from the coloured 
area of a culture-tube under the oil immersion lens with an eye-piece no. 5 shows shades of 
eream buff (Ridgway, Plate XXX) and warm buff (Ridgway, Plate XV) on dead, jointed, 
irregularly swollen and sparingly branched septate hyphae, while the colour of the body of the 
basidia-like superficial erust-cell« (plate IT, fig. 135) is of different shades of pale ochraceous buff 
(Ridgeway, Plate XV) and that of the wall of the crust-celle is baryta yellow (Ridgway, 
Plate IV) and ochraceous tawny (Ridgway, Plate XV). The colour of the water-extract of 
the sporophore-pieces, treated as before, was light brown, that of alcohol-oxtract red, that 
of ammonia-extract. darkbrown, that of etherextract light yellow, and no colour could be 
extracted with petroleum ether, benzol and chloroform. The pH value of the aqueous 
; extract was G4. Watch glass preparations of these extracts evaporated to dryness showed the 
deepest deposit with ammonia-extract, next in order wore alcohol-extraet, acetone-extract, 
water-extract, and etherextract. No variation of colours was observed on exposing 
these coloured extracts to powerful electric light (100 c.p. bulb) and to the diffused room 
light as well as on keeping them in darkness, The light brown colour of the aqueous extract 
was reduced on being treated with the acid (HCI), but the colour deepened on treatment with 
the alkali (KOH). On treatment with an oxidising agent (H404) no change of colour of the 
aqueous extract was noted. With a reducing agent (SnCl,) the colour was greatly reduced, 
turning into 全 bluish tinge. The colour of the iodine solution was reduced when mixed with 
the aqueous extract of the stain of Ganoderma lucidus, The The absorption-spectrum of the 
alcoholic extract of the stain is reproduced in plate IV, fig. 13. 
The fluorescent colour of the alcoholic extract was yellowish<green. — In ultraviolet light 
& fresh sporophore growing in nature showed a brown colour of the upper surface with a 
light-violet margin and there was a zone of yellowish colour fluorescing at the junction of 
the margin with the older part of the crust; the colour of the hymenial surface of such fresh 
sporophore was, however, the same as that of the margin, that is, light-violet. 
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SUBSTANCES IN COLOURED POLYPORACEAE. 


Hon, no such róle of regular distribution of fungal spores can be systematically attributed. 


to insects or mites, 


Light seems to have no direct influence on the development of wuch colours, it seems on 
the other hand to exert, in some cases, a kind of deadening effect on living hyphae in the 
production of colour; in three instances (viz. Polystictus sanguineus, Polyporus grammoct phalus 
and Trametes persooni) of continuous exposure of different seta of cultures to strong artificial 
light, red, blue and green lights, it was found that in the presence of the red light we had 
the greatest vegetative growth and the quickest development. of colour on older hyphae, so 
the red light seems to have the greatest deadening effect so fur as the production of colour is 
concerned, because a large number of dead coloured hyplae appeared, ‘The vegetative growth 
of some species of Polyporaceae increases in the absence of light, in some it remains more or 
less the same and in others it somewhat decreases in darkness; Baxter (1938) also remarks 
that ‘in the light and the dark series there was neither a marked difference in growth nor any 
significant variation in the growth of any of the isolates of either Polyporus anceps or ellisianus," 
In the majority of cases on exposing the coloured extracts of sporophore-ploces to strong 
electric light (100 c.p. bulb) for 72 hours and to the diffused light. of the laboratory room for 
a long time no variation of the original colour was perceptible, 

The chemical constitution of the colouring matters of these fungi has remained obscure; 
the pigments do not respond to the chemical reaction of oxidation, most of them are not even 
photochemically bleached, they are not insoluble in water and are not soluble in petroleum 
ether and with the antimony trichloride test no blue eolour was produced. ‘The pigments 
could not be crystallised and chromatographic separation was not of any help in obtaining 
good crystals. Thus, the chemical tests rule out the possibility of their being carotins, 
lactoflavins, anthraquinone-derivatives or anthocyanins. The absorption-spectra of these 
pigments do not show any characteristic absorption-bands in the visible or the near ultraviolet 
region. The pigments do not show any characteristic hand at 460 m p. This shows that 
they are not of the carotinoid group. The fluorescence is of the greenish-blue colour, and the 
spectroscopic examination does not yield the characteristic fuorescence-hand of tacto- 
Havins in the yellowish-rreen region, nor the characteristic absorption-band at 360 m y. 
Thus, they are probably not lacto-flavins. The characteristic absorption-band in the red 
region so conspicuously seen in the cytochrome is also not visible here. 

The colouring substance which has just been described and of which Kögl (1932) gave 
an exeoellent. summary, is deposited on the walls of the dead hyphae. But in the living 
hyphae I (19394) have found a pinkish stain (a very light tint—'Hermosa pink’ of 
Ridgway, Plate 1) visible only after very careful examination under the oil immersion 
lens in the vacuoles of the growing tips (plate IL, fig. 14) as well as a little older portion 
of all hyphae; it is found not only in the cases of coloured species of fungi but in 
perfectly white species and in diverse groups of fungi. "This pinkish vacuolar stain is 
not found in dead double-walled hyphae or old hyphae undergoing fatty degeneration. 
The pigment is evidently in a state of solution in the vacuoles in some of which the Brownian 
movement of granules can be noticed. The pinkish vacuolar stain is insoluble in petroleum 


ether, ether, chloroform, alcohol (higher and lower grades), in hot and cold water and has 


no apparent connection with light, it can develop in the dark ss well. It is also insoluble 


in weak acids and alkalivs; with 8%, to 10%, caustic potash the pinkish stain becomes much 


fainter with the contraction of vacuoles when it turns greenish and in some cases whitish; with 
10%, acetio acid the majority of the vacuoles turn greenish or whitish though a few still retain 
the original pinkish colour, With strong sulphuric acid the hyphae undergo complete 
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dissolution, with 90%, enlphuric acid the vacuolar colour disappears and the hyphae become full 
of fat globules, With iodine solution the pinkish colour decreases and the vacuc des become con- 
tracted. In 10%, lactic acid partial dissolution of tbe hyphae and their complete dissolution in 
9094 Inctic acid take place, hence in this condition the vaenolar colour does not become visible, 
W ith acetone the protoplasm disintegrates partially and the vacuoles contract though they 
retain the colour, With liquor ammonia (fort) vacuoles do not lose the colour, With xylol the 
original colour is retained. With nitrobenzene the protoplasm disintegrates, a number of 
fat globules appear and the vacwolar colour disappears. With lacto-phenol the colour 
diminishes but does not disappear, With toluene and benzene the vacuolar colour remains 
the same, though with benzene the protoplasm disintegrates, With pyridine the vacuolar 
colour is retained, though the protoplasm is affected. By lead acetate test it was found that 
this vacuolar stain is not tannin of the catechol or phlobatannin group. With H,O; the 
pinkish stain does not turn vellowish, the chemical testa do not lend support to ite belonging 
to the group of anthocyanins as found in higher plants, With strong hydrochloric acid the 
vacuoles contract but the pinkish colour remains unaffected; on testing with the ehloroform- 
solution of 1% antimony trichloride no blue colour is produced, thus the pinkish stain does 
not belong to the group of carotinoids 

Guilliermond (1938) has found accumulation of lacto-flavins in the vacuoles of two 
Ascomycetes, Eremothecium aahbyii and Abya gossypti ; the pigment is exclusively localised 
in the vacuoles in the form of a distinct yellow tint, in old cultures it erystallises in the vacuoles 
in the form of à number of fine rod-shaped bodies, either irregularly grouped or grouped in 
the form of sphaerocrystals; the pigment completely disappears on treatment with alkalies 
(KOH and NaOH) and acids (HCl and H,S0,), with neutral red the vacuoles containing. the 
pigment were coloured orange red, By appropriate tests he found that it does not belong to 
the group of anthraquinone-derivatives as found in certain fungi. In ultraviolet light the 
pigment presents a distinet fluorescenve which is analogous to that exhibited by flavin dis- 
covered by Prof. Karrer. The spectroscopic examination also confirms the identity of this 
pigment with flavin. Thus, the pigment plays an important part in the metabolism of these 
two fungi it acts as vitamin B, in the growth of experimental animals (rats), carried 
on by Mile. Raffy (1037). But the pinkish stain in our case does not crystallise in 1 
vacuoles in older cultures, neither is it soluble in weak acids and alkalies, The nature of 
the media does not seem to exercise any influence on the development of the pinkish colour 
in the vacuole, for instance, the same pinkish colour develops in artificial cultures of Pe u y 
zonalis, Polyporus grammocephalus and Trametes persooni in three different media—broth 2: eI 
agar, malt agar and oatagar. In ultraviolet light it does not exhibit any fluorescence. wikis: it OW 
vital stain (noutral red in Ringer's solution) the pinkish colour of the vacuoles becomes orange " x. 
and in young cultures of Trametes persooni one or two spots within some vacuoles turned sonr ai NT 
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red. ‘The spectroscopic examination does not exhibit any dark absorption-band the vis sible at 
and the near ultraviolet regions. "Thus, it seems that the pinkish stain does not b long o zT 
the group of lacto-flavins, ues yi eee stp dni i ORE NE Ss HAN ^ 
crossed nicola and therefore they are isotropic. | 1 —— 
greoi m e ar a ae thraqui 
















SUBSTANCES IN COLOURED POLYPORACEAE. s3 
becomes scarce in very old and dead hyphae and in older cultures, ‘Thus, though the chemical 
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eom position of this vacuolar stain remains unknown it seems to be closely connected with the 
metabolism of all fungi. 
Any kind of analysis (macro- or micro-) of the vacuolar pigment in auch a small quantity 
seemed imposible, nor was it possible to obtain any absorption-spectrum of the pigment. - 
Growing Polystictus sanguineus in Sabouraud's maltose peptone agar medium with toxie 
stains such as crystal violet, gentian violet, brilliant green and malachite green in very small 
doses (vit. yao, radno: sodos AU 52 5595), it was found that wally in higher dilutions 
(3.000. s. doo. ete.) the growth was retarded and in lower dilutions a pao 235,000, 50,000 
ete) the growth advanced and the orange red pigmont-granules appeared on dead hyphae after 
alonger interval. After the growth of the mycelia had advanced in these culture-tubes the 
colours of the media faded a little and it was found that in the case of the crystal violet-series the 
violet stain entered into the vacuoles of the protoplasm of the growing hyphae and brightly 
coloured the vacuolar bodies, that in the case of the gentian violet-series the general cytoplasm of 
the growing hyphae was stained light violet, that in the case of the brilliant green-series the - 
general cytoplasm of the living hyphae was stained green and that in the case of the malehite 
green-series the cytoplasm was stained light green, though in all cases the deposit of 
red stain of Polystictus sanguineus was on the walls of the dead hyphae. In this connection 
it may be pointed out that Refshauge and Proctor (1030) have remarked that the wood- 
destroying Basidiomycetes which deoolourised Crapek’s synthetic agar medium with i 
malachite green were probably maing the malachite green as a food material. 





My grateful thanks are due to the University of Calcutta for the necessary grant for 
carrying out this piece of work with the help of a research-assistant, Mr. P. N. Nandy, M.Sc, 
for about a year from the Kirtikar Memorial Fund of the University. I am also indebted to 
Prof. Dr. Sankaran for granting facilities for spectroscopie study of the pigments in the All-India 
Institute of Hygiene and Public Health; in this connection I have to acknowledge gratefully 
the help rendered by Mr. P, K. Seshan, M.Sc., for the absorption- and fluorescence-spectra 
studies of these pigments. 


SUMMARY. 


|. From a study of thirteen species of coloured Polyporaceae, viz, Polyporus zonalis, P. 
rubidus, P. grammocephalus, P. luzonensis, Polyatictua hirautus, P. versicolor, P. zanthopus. 
P. sanguineus, Trametes persooni, T, versutilis, Daedalea flavida, Lenziles «ubferruginea and 
Ganoderma (Fomes) lucidus in nrtificial cultures the development of colour was followed from the 
beginning, it was found that in all cases the colour developed on the wall of the dead hyphae 
either as a general staining substance or in the form of pigment-granules thickly crowded 
together in a cluster; in no case did the stain develop in a living hypha (ie. hypha with 
protoplasm), The stain seems to serve a protective purpose, forming a cuticular covering of 
the living hyphue within. ‘The true significance of the variety of colours displayed by different 
species of Polyporaceae cannot. be ascertained, neither can their chemical composition; various 
chemical tests show that the coloured solutions do not belong to the groups of anthocyanins, 
carotinoids, tannins, anthraquinones or lacto-flayins; they could not be erystallised in the 
pure state,  Absorption-spectrum of each of these solutions is given, they are rather of a mor- 

32. Light seems to have no direct influence on the development of colours of Polyporaceae, 
the characteristic colours could develop in artificial cultures kept in. darkness Light, on 
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the other hand, seems in some cases to exert some deadening effect an living hyphae in the 
production of colour. No variation of the original colour was perceptible in the majority of 
tases on exposing the coloured extracts to strong electric light (100 o.p. bulb) for 72 hours 
and to the diffused light of the laboratory room for a long time. 

3. The colouring substance of all the thirteen species was soluble in water, though the 
rate of solubility varied. The aqueous extract in all cases had acidic reaction, The colouring 
substance of all except Polystictus wervicolor was soluble in alcohol, It was insoluble in 
petroleum ether, 

4. In living hyphae a pinkish vacuolar stain (a very light tint-— Hermosa pink’ of Ridgway, 
Plate I) has been found which is visible only after very careful examination under the oil- 
immersion lens. ‘This pinkish stain is found not only in coloured species of fungi but in perfectly 
white species and in diverse groups of fungi. It is never found in dead double-walled 
hyphse or old hyphae undergoing fatty degeneration. The pigment is evidently in à state 
of solution in the vacuoles, in some of which the Brownian movement of granules can be noticed. 

5. Though the chemical composition of this pinkish vacuolar stain remains unknown, 
it ems to be very closely connected with the metabolism of all fungi as 1 pointed out in 
Current Science in April, 1939, Pigments in some cases are said. to function as respiratory 
enzymes; so, it may be that the pinkish vacucles are receptacles of enzymes. 

Ü It was not possible to obtain an absorptiou-spectrum of this pigment nor any analysis. 
(micro or macro) of such à small quantity 

7. By growing Polystictus »unguineus in Sabournud's maltose peptone agar with toxic 
stains euch as crystal violet, gentinn violet, brillinnt green and malachite green in very small M 
doses, it was found that the colours of the media faded a little and that some of the toxie — 
stains entered into the vacuoles and cytoplasm of the growing hyphae; probably the fungus : 
was utilising the toxic stain as à food-material, as remarked by Refshauge and Proctor, i 
The orange red pigment-granules, however, appeared only on dead hyphae of Polystictus 
sanguineus after a longer interval. 
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SUBSTANCES IN COLOURED POLYPORACEAE. 
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ÉxrLAWATION OF prarn L | M 

All wator-colour drawings wore made with an Abbe camera lucida ab bod level with an oil in "LET 
lins (Bausch and Lorat) and eyu-pieee no. 5. * 


Fig. 1 一 Doad transversely septed hyphae of Polyporus zonalis Berk. "mM a., — 

Fig. 2.—Dead double-walled hyphae without any elanp-eonnexion of Polyporus ru rubidus Berk. — » 

Pic. 3.— wed, jointed and much branched hyphae without any - connexion of Poly 
grommecephalia Berl. —— N. 

Fio. 4.—Dend trauversely optato hyphae without eny slamp-conneninn of yere bs penais 

Pio. Dead teiunevermely septate hyphae without any cbunp-eonnexion of Pelystictus } 

Fio. A Dead, AAMA hA. sud Api septate (Hehaped septa). hyphae of. Polystidus we 
(L.) Fr., eee orystals on some of the hyphae. "e c 

Fio. Ta. —Oruat olls of Pulystictnir ao Fr., forming the upper curiae. | 

Fio. 76.— Dead doublewalled hyphae of thy sam. 

Fic, 8.—Daposit of closely packed orange-red granulos on dead sparingly branched hyphen of Polystictus 
sanguineus (L) Mey. 








ExritANATION OF Prare I. 

All water-colout drawings ware made: with an Abbo camera hucida at bench level with an oil immersion rr 
lens (Bausch and Lomb) and eye-pieee no. 5, ll 
Bia. fh. —Clusters of calcium ERR. ei 
Fie, 9b.—Dead, irregularly branched and septate hyphae of 
Fic, ——— tane ero amos BESTIAM Cd 
Fio. 1. —Dead, transversely septate und branched: hyphae of Dodalea faesda Lev. 
Fio. 12,—Double-walled and tunsversely septate (H-shaped septa) hyphae of Lensia eubferrugines Berk. 


Pie, 10.— Dead, jointed, irregularly swollen ond sparingty branched septate hyphae of Ganuderme (Pomen) y 
Iuesdus (Leyss) Kart. ' 
Pro. 135,—Hasidinlike erast cells of the same on the surface. | 
Fio, 14.—Young hyphae (one with clamp-connexion) of Z'alyaticher sanguineus (L.) Mey., showing pinkish 5 
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(6). P. SANGUINEUS( Benzene) 11. DAEDALEA FLAVIDA 
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5. TRAMETES PERSOONI [3. CANODERNA LUCIDUS 
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